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(g)  Flame-retardant  olefin  polymer  composition. 

@  The  present  invention  provides  a  flame-retardant  olefin 
polymer  composition  comprising  at  least  components  (a), 
(b)  and  (c)  in  which 

in  100  parts  by  weight  of  a  resin  component  which  is 
composed  of 

(a)  99  to  60%  by  weight  of  en  ethylene-a-olefin  copoly- 
mer  having  a  density  of  0.86  to  0.91  g/cm3,  a  boiling  n- 
hexane  insoluble  matter  of  10%  by  weight  or  more  and  a 
maximum  peak  temperature  of  100  °C  or  more  in  terms  of 
differential  scanning  calorimetry  and 

(b)  1  to  40%  by  weight  of  an  olefin  polymer  modified 
with  an  unsaturated  carboxylic  acid  or  its  derivative; 

(c)  20  to  200  parts  by  weight  of  an  inorganic  flame 
retarder  is  contained;  and  an  electrical  material  employing 
the  aforesaid  composition. 
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TITLE  OF  THE  INVENTION 

F l a m e - R e t a r d a n t   O l e f i n   P o l y m e r   C o m p o s i t i o n  

BACKGROUND  OF  THE  INVENTION 

5  d )   F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  f l a m e - r e t a r d a n t  

o l e f i n   p o l y m e r   c o m p o s i t i o n   e x c e l l e n t   in  h e a t   r e s i s t a n c e   a n d  

m e c h a n i c a l   s t r e n g t h   w h i c h   i s   c o m p o s e d   b a s i c a l l y   of  a n  

e t h y l e n e - a - o l e f i n   c o p o l y m e r   h a v i n g   a  d e n s i t y   of  0 . 8 6   to  0 . 9 1  
10  g / c m 3 ,   a  b o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r   of  10%  by  w e i g h t  

or  more  and  a  maximum  p e a k   t e m p e r a t u r e   of  100°C  or  more  i n  

t e r m s   of  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   and  an  o l e f i n  

p o l y m e r   m o d i f i e d   w i t h   an  u n s a t u r a t e d   c a r b o x y l i c   a c i d   or  i t s  

d e r i v a t i v e ,   and  an  e l e c t r i c a l   m a t e r i a l   u s i n g   t h e   a b o v e  
15  m e n t i o n e d   c o m p o s i t i o n .  

(2)  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

P o l y e t h y l e n e   i s   e x c e l l e n t   in   p h y s i c a l   and  c h e m i c a l  

p r o p e r t i e s   and  t h u s   i s   o f t e n   u t i l i z e d   in   many  f i e l d s   a s  
h o u s e h o l d   and  i n d u s t r i a l   a r t i c l e s   w h i c h   a r e   m o l d e d   i n t o  

20  f i l m s ,   s h e e t s ,   p i p e s ,   c o n t a i n e r s   and  t h e   l i k e   by  v a r i o u s  

m o l d i n g   m e t h o d s   s u c h   as  e x t r u s i o n ,   i n j e c t i o n   m o l d i n g   a n d  

r o t a r y   m o l d i n g .  

The  p o l y e t h y l e n e   i s   e a s i l y   c o m b u s t i b l e ,   and  a c c o r d i n g l y  

-  1  -  



0 2 1 2 U 2  

m e t h o d s   f o r   r e n d e r i n g   i t   f  l a m e - r e t a r d a n t   have   h e r e t o f o r e  

been   s u g g e s t e d .  

The  most   g e n e r a l   m e t h o d   of  t h e s e   s u g g e s t i o n s   i n t e n d s   t o  

o b t a i n   f  l a m e - r e a t a r d a n t   p r o p e r t i e s   by  a d d i n g   a  f l a m e   r e t a r d e r  

5  c o n t a i n i n g   a  h a l o g e n   or  p h o s p h o r u s   to   t h e   p o l y e t h y l e n e .   T h e  

d e g r e e   of  i t s   f l a m e   r e t a r d a n c e   i s   h e i g h t e n e d   a l o n g   w i t h   t h e  

i n c r e a s e   in  an  a m o u n t   of  t h e   f l a m e   r e t a r d e r   to   be  a d d e d .  

H o w e v e r ,   i t   i s   known  t h a t   t h e   i n c r e a s e   in   t h e   a m o u n t   of  t h e  

f l a m e   r e t a r d e r   b r i n g s   a b o u t   t h e   d e t e r i o r a t i o n   in  m e c h a n i c a l  

1  0  s t r e n g t h   and  w o r k a b i l i t y   and  a d d i t i o n a l l y   i m p a i r s   f l e x i b i l i t y  

and  l o w - t e m p e r a t u r e   r e s i s t a n c e   d i s a d v a n t a g e o u s l y .   F u r t h e r ,  

f rom  t h e   v i e w p o i n t   of  f i r e   p r e v e n t i o n ,   i t   i s   r e q u i r e d   t h a t  

t h e   f  l a m e - r e t a r d a n t   c o m p o s i t i o n   has   h i g h e r   f l a m e   r e t a r d a n c e ,  

and  s u c h   a  r e q u i r e m e n t   i s   i m p o s e d   as  d u t y   in  some  d i s t r i c t s  

15  as  a  r e c e n t   t e n d e n c y .   The  a b o v e   m e n t i o n e d   r e q u i r e m e n t   can   b e  

s a t i s f i e d   w i t h   n o n - e n v i r o n m e n t a l   p o l l u t i o n   t y p e   i n o r g a n i c  

f l a m e   r e t a r d e r s   s u c h   as  m a g n e s i u m   h y d r o x i d e   and  a l u m i n u m  

h y d o x i d e   w h i c h   w i l l   n o t   g e n e r a t e   a  h a r m f u l   gas   and  w i l l   e m i t  

a  l e s s   f l a m e   in   t h e   t i m e   of  c o m b u s t i o n ,   and  t h e i r   demand   i s  

20  r a p i d l y   g e t t i n g   l a r g e r   ( t h e s e   t e c h n i q u e s   a r e   d e s c r i b e d   i n ,  

f o r   e x a m p l e ,   J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   N o s .  

1 3 2 2 5 4 / 1 9 7 6 ,   1 3 6 8 6 2 / 1 9 8 1   and  1 3 8 3 2 / 1 9 8 5 ) .  

H o w e v e r ,   t h e   p o l y e t h y l e n e   w h i c h   i s   now  c o m m e r c i a l l y  

a v a i l a b l e   i s   p a r t i c u l a r l y   p o o r   in  t h e   a c c e p t a n c e   of  t h e  

25  i n o r g a n i c   f l a m e   r e t a r d e r ,   so  t h a t   i t s   f  l a m e - r e t a r d a n t   e f f e c t  
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i s   low.   Such  a  t y p e   of  p o l y e t h y l e n e   a d d i t i o n a l l y   has   t h e   d r a w -  

b a c k   t h a t   when  t h e   c o n t e n t   of  t h e   i n o r g a n i c   f l a m e   r e t a r d e r  

is   h e i g h t e n e d ,   m e c h n i c a l   s t r e n g t h ,   f l e x i b i l i t y   and  w o r k a b i l -  

i t y   w i l l   d e t e r i o r a t e ,   so  t h a t   i t   w i l l   be  i m p r a c t i c a b l e .   On 

5  t h e   o t h e r   h a n d ,   f o r   t h e   p u r p o s e   of  h e i g h t e n i n g   t h e   c o n t e n t   o f  

t h e   i n o r g a n i c   f l a m e   r e t a r d e r ,   a  t e c h n i q u e   of  u s i n g   a  f l e x i b l e  

r e s i n   s u c h   as  an  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r ,   a n  

e t h y l e n e - e t h y l   a c r y l a t e   c o p o l y m e r ,   a  c h l o r i n a t e d   p o l y e t h y l e n e  

or  an  e t h y l e n e - p r o p y l e n e   c o p o l y m e r   r u b b e r   i s   w e l l   k n o w n .  

10  H o w e v e r ,   s u c h   a  t e c h n i q u e   i s   p o o r   in  m e c h a n i c a l   s t r e n g t h   s u c h  

as  t e n s i l e   s t r e n g t h   and  h e a t   r e s i s t a n c e .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e *   a  

non  - e n v i r o n m e n t a l   p o l l u t i o n   t y p e   f  l a m e - r e t a r d a n t   c o m p o s i t i o n  

15  h a v i n g   a  h i g h e r   f l a m e   r e t a r d a n c e   in   w h i c h   m e c h a n i c a l   s t r e n g t h  

and  w o r k a b i l i t y   a r e   n o t   p o o r   and  f l e x i b i l i t y   and  l o w - t e m p e r a -  

t u r e   r e s i s t a n c e   a r e   n o t   i m p a i r e d   and  w h i c h   do  n o t   g e n e r a t e  

any  h a r m f u l   gas   and  e m i t   l e s s   f l a m e   a t   t h e   t i m e   of  c o m b u s -  

t i o n ,   or  a  s e l f   - e x t i n g u i s h i n g   f  l a m e - r e t a r d a n t   c o m p o s i t i o n  

20  h a v i n g   a  h i g h   f l a m e   r e t a r d a n c e   of  V-1  or  V-0  a t   U L - 9 4 .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a n  

e l e c t r i c a l   m a t e r i a l   s u c h   as  an  i n s u l a t o r   or   a  s h e a t h   f o r  

e l e c t r i c   w i r e s   or  e l e c t r i c   c a b l e s ,   a  c a b l e   p r o t e c t i v e   c o v e r ,  

a  p a c k i n g ,   a  s e a l i n g   m e d i u m ,   an  i n s u l a t i n g   g a r m e n t ,   a n  

-  3  -  
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i n s u l a t i n g   s h e e t   or  f i l m ,   a  p i p e ,   f o r   e x a m p l e ,   a  f l e x i b l e  

p i p e   or  a  p r o t e c t i v e   p i p e ,   or  an  a r t i c l e   m o l d e d   by  i n j e c t i o n  

m o l d i n g   or  a  m a s t e r   b a t c h .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  f  l a m e - r e t a r d a n t   o l e f i n  

5  p o l y m e r   c o m p o s i t i o n   in  w h i c h  

in  1  00  p a r t s   by  w e i g h t   of  a  r e s i n   c o m p o n e n t   w h i c h   i s  

c o m p o s e d   o f  

(a)  99  to  60%  by  w e i g h t   of  an  e t h y l e n e - a - o l e f i n  

c o p o l y m e r   h a v i n g   a  d e n s i t y   of  0 . 8 6   to   0 .91  g / c m 3 ,   a  b o i l i n g  

10  n - h e x a n e   i n s o l u b l e   m a t t e r   of  10%  by  w e i g h t   or  more  and  a  

maximum  p e a k   t e m p e r a t u r e   of  100°C  or  more   in   t e r m s   o f  

d i f f e r e n t i a l   s c a n n i n g   c a l o r i e   m e t e r   a n d  

(b)  1  to  40%  by  w e i g h t   of  an  o l e f i n   p o l y m e r   m o d i f i e d  

w i t h   an  u n s a t u r a t e d   c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e ;  

15  (c)  20  to   200  p a r t s   by  w e i g h t   of  an  i n o r g a n i c   f l a m e  

r e t a r d e r   is-  c o n t a i n e d ;  

and  an  e l e c t r i c a l   m a t e r i a l   u s i n g   t h e   c o m p o s i t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  e t h y l e n e - a - o l e f i n   c o p o l y m e r   w h i c h   i s   a  c o m p o n e n t   ( a )  

20  of  t h e   p r e s e n t   i n v e n i o n   i s   a  c o p o l y m e r   of   e t h y l e n e   and  a n  

c t - o l e f i n   h a v i n g   3  to   12  c a r b o n   a t o m s .   C o n c r e t e   e x a m p l e s   o f  

t h e   a - o l e f i n   i n c l u d e   p r o p y l e n e ,   b u t e n e - 1   ,  4 - m e t h y l p e n t e n e - 1   , 

h e x e n e - 1   ,  o c t e n e - 1   ,  d e c e n e - 1   and  d o d e c e n e - 1   .  Of  t h e s e  

c o m p o u n d s ,   p r o p y l e n e   and  b u t e n e - 1   a r e   p a r t i c u l a r l y   p r e f e r r e d ,  
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and  b u t e n e - 1   i s   mos t   p r e f e r a b l e .   I t   i s   p r e f e r r e d   t h a t   a  

c o n t e n t   of  t he   a - o l e f i n   in  t h e   e t h y l e n e - a - o l e f   in  c o p o l y m e r   i s  

5  to  40  m o l % .  

Now,  t h e   p r o c e s s   f o r   m a n u f a c t u r i n g   t h e   c o p o l y m e r   o f  

5  e t h y l e n e   and  t he   a - o l e f i n   u s e d   in  t h e   p r e s e n t   i n v e n t i o n   w i l l  

be  d e s c r i b e d .  

F i r s t l y ,   a  c a t a l y s t   s y s t e m   u s e d   i s   p r e p a r e d   by  c o m b i n i n g  

a  s o l i d   c a t a l y s t   c o m p o n e n t   c o n t a i n i n g   m a g n e s i u m   and  t i t a n i u m  

w i t h   an  o r g a n i c   a l u m i n u m   c o m p o u n d .   The  s o l i d   c a t a l y s t  

10  c o m p o n e n t   i s   an  i n o r g a n i c   s o l i d   c o m p o u n d   c o n t a i n i n g   m a g n e s i u m  

in  w h i c h   a  t i t a n i u m   compound   i s   s u p p o r t e d   in  a  known  m a n n e r .  

E x a m p l e s   of  t h e   i n o r g a n i c   s o l i d   c o m p o u n d s   i n c l u d e   m e t a l l i c  

m a g n e s i u m ,   m a g n e s i u m   h y d r o x i d e ,   m a g n e s i u m   c a r b o n a t e ,   m a g n e -  

s ium  o x i d e   and  m a g n e s i u m   c h l o r i d e ;   a  d o u b l e   s a l t ,   a  d o u b l e  

15  o x i d e ,   a  c a r b o n a t e ,   a  c h l o r i d e   or  a  h y d r o x i d e   c o n t a i n i n g   a  

m a g n e s i u m   a tom  and  a  m e t a l   s e l e c t e d   f rom  s i l i c o n ,   a l u m i n u m  

and  c a l c i u m ;   and  an  i n o r g a n i c   s o l i d e   c o m p o u n d   t r e a t e d   o r  

r e a c t e d   w i t h   an  o x y g e n - c o n t a i n i n g   c o m p o u n d ,   a  s u l f u r - c o n t a i n -  

i ng   c o m p o u n d ,   an  a r o m a t i c   h y d r o c a r b o n   or  a  h a l o g e n - c o n t a i n -  

20  i n g   m a t e r i a l .  

E x a m p l e s   of  t h e   a b o v e   m e n t i o n e d   o x y g e n - c o n t a i n i n g  

c o m p o u n d s   i n c l u d e   o r g a n i c   o x y g e n - c o n t a i n i n g   c o m p o u n d s   s u c h   a s  

w a t e r ,   an  a l c o h o l ,   a  p h e n o l ,   a  k e t o n e ,   an  a l d e h y d e ,   a  

c a r b o x y l i c   a c i d ,   an  e s t e r ,   a  p o l y s i l o x a n e   and  an  a c i d   a m i d e ;  

25  and  i n o r g a n i c   o x y g e n - c o n t a i n i n g   c o m p o u n d s   s u c h   as  a  m e t a l l i c  
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a l k o x i d e   and  an  o x y c h l o r i d e   of  a  m e t a l .   E x a m p l e s   of  t h e  

s u l f u r - c o n t a i n i n g   c o m p o u n d s   i n c l u d e   o r g a n i c   s u l f u r - c o n t a i n i n g  

c o m p o u n d s   such   as  a  t h i o l   and  a  t h i o e t h e r ,   and  i n o r g a n i c  

s u l f u r - c o n t a i n i n g   c o m p o u n d s   such   as  s u l f u r   d i o x i d e ,   s u l f u r  

5  t r i o x i d e   and  s u l f u r i c   a c i d .   E x a m p l e s   of  t h e   a r o m a t i c  

h y d r o c a r o n s   i n c l u d e   m o n o c y c l i c   and  p o l y c y c l i c   a r o m a t i c  

h y d r o c a r b o n s   such   as  b e n z e n ,   t o l u e n e ,   x y l e n e ,   a n t h r a c e n e   a n d  

p h e n a n t h r e n e   .  F u r t h e r ,   e x a m p l e s   of  t h e   h a l o g e n - c o n t a i n i n g  

c o m p o u n d s   i n c l u d e   c h l o r i n e ,   h y d r o g e n   c h l o r i d e ,   a  m e t a l l i c  

10  c h l o r i d e   and  an  o r g a n i c   h a l i d e .  

E x a m p l e s   of  t h e   t i t a n i u m   c o m p o u n d s   i n c l u d e   a  h a l i d e ,   a n  

a l k o x y h a l i d e ,   an  a l k o x i d e   and  a  h a l o g e n a t e d   o x i d e   of  t i t a -  

n ium.   As  t h e   t i t a n i u m   c o m p o u n d s ,   t e t r a v a l e n t   and  t r i v a l e n t  

t i t a n i u m   c o m p o u n d s   a r e   p r e f e r r e d .   The  c o n c r e t e   p r e f e r a b l e  

15  e x a m p l e s   of  t h e   t e t r a v a l e n t   t i t a n i u m   c o m p o u n d   a r e   r e p r e s e n t e d  

by  t h e   g e n e r a l   f o r m u l a   T i ( O R ) n X 4 _ n   w h e r e i n   R  i s   an  a l k y l  

g r o u p   h a v i n g   1  to   20  c a r b o n   a t o m s ,   an  a r y l   g r o u p   or  a n  

a r a l k y l   g r o u p ;   X  i s   an  h a l o g e n   a t o m ,   and  n  i s   a  v a l u e  

s a t i s f y i n g   t h e   r e l a t i o n   of  0  £  n  £  4.  P r e f e r a b l e   c o n c r e t e  

20  e x a m p l e s   of  t h e s e   t i t a n i u m   c o m p o u n d s   i n c l u d e   t i t a n i u m  

t e t r a c h l o r i d e   ,  t i t a n i u m   t e t r a b r o m i d e   ,  t i t a n i u m   t e t r a i o d i d e ,  

m o n o m e t h o x y t r i c h l o r o t i t a n i u m ,   d i m e t h o x y d i c h l o r o t i t a n i u m ,  

t r i m e t h o x y m o n o c h l o r o t i t a n i u m ,   t e t r a m e t h o x y t i t a n i u m ,   m o n o -  

e t h o x y t r i c h l o r o t i t a n i u m ,   d i e t h o x y d i c h l o r o t i t a n i u m ,   t r i e t h o x y -  

25  m o n o c h l o r o t i t a n i u m ,   t e t r a e t h o x y t i t a n i u m .  
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m o n o i s o p r o p o x y t r i c h l o r o t i t a n i u m ,   d i i s o p r o p o x y d i c h l o r o t i t a -  

n ium,   t r i i s o p r o p o x y m o n o c h l o r o t i t a n i u m ,   t e t r a i s o p r o p o x y t i t a -  

n ium,   m o n o b u t o x y t r i c h l o r o t i t a n i u m ,   d i b u t o x y d i c h l o r o t i t a n i u m ,  

m o n o p e n t o o x y t r i c h l o r o t i t a n i u m ,   m o n o p h e n o x y t r i c h l o r o t i t a n i u m ,  

5  d i p h e n o x y d i c h l o r o t i t a n i u m ,   t r i p h e n o x y m o n o c h l o r o t i t a n i u m  

and  t e t r a p h e n o x y t i t a n i u m .  

An  e x a m p l e   of  t h e   t r i v a l e n t   t i t a n i u m   c o m p o u n d   is   a  

t r i h a l o g e n a t e d   t i t a n i u m   w h i c h   can   be  p r e p a r e d   by  c h e m i c a l l y  

r e d u c i n g   a  t e t r a h a l o g e n a t e d   t i t a n i u m   s u c h   as  t i t a n i u m  

10  t e t r a c h l o r i d e   or  t i t a n i u m   t e t r a b r o m i d e   w i t h   h y d r o g e n ,  

a l u m i n u m ,   t i t a n i u m   or  an  o r g a n i c   m e t a l l i c   c o m p o u n d   of  a  m e t a l  

in  g r o u p s   I  to   I I I   of  t h e   p e r i o d i c   t a b l e .   In  a d d i t i o n ,  

a n o t h e r   u s a b l e   e x e m p l a r y   compound   i s   a  t r i v a l e n t   t i t a n i u m  

compound   w h i c h   i s   o b t a i n e d   by  r e d u c i n g ,   w i t h   an  o r g a n i c  

15  m e t a l l i c   c o m p o u n d   of  a  m e t a l   in  g r o u p   I  to   I I I   of  t h e  

p e r i o d i c   t a b l e ,   a  t e t r a v a l e n t   h a l o g e n a t e d   a l k o x y t i t a n i u m  

r e p r e s e n t e d   by  t h e   g e n e a r a l   f o r m u l a   T i (OR)mX4_m  w h e r e i n   R  i s  

i s   an  a l k y l   g r o u p   h a v i n g   1  to   20  c a r b o n   a t o m s ,   an  a r y l   g r o u p  

or  an  a r a l k y l   g r o u p ;   X  i s   an  h a l o g e n   a t o m ,   and  m  i s   a  v a l u e  

20  s a t i s f y i n g   t h e   r e l a t i o n   of  0  s  m  i  4 .  

Of  t h e s e   t i t a n i u m   c o m p o u n d s ,   t h e   t e t r a v a l e n t   t i t a n i u m  

c o m p o u n d s   a r e   p a r t i c u l a r l y   p r e f e r r e d .  

As  a n o t h e r   e x a m p l e   of  t h e   c a t a l y t i c   s y s t e m ,   t h e r e   i s   a  

c o m b i n a t i o n   of  t h e   f o l l o w i n g   r e a c t i o n   p r o d u c t   w i t h   an  o r g a n i c  

25  a l u m i n u m   c o m p o u n d ,   t h e   r e a c t i o n   p r o d u c t   b e i n g   t h a t   w h i c h   i s  
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p r e p a r e d   by  r e a c t i n g   an  o r g a n i c   m a g n e s i u m   c o m p o u n d   such   as  a  

s o - c a l l e d   G r i g n a r d   c o m p o u n d ,   w h i c h   i s   t h e   s o l i d   c a t a l y t i c  

c o m p o n e n t ,   w i t h   t h e   t i t a n i u m   c o m p o u n d .   E x a m p l e s   of  t h e   a b o v e  

m e n t i o n e d   o r g a n i c   m a g n e s i u m   c o m p o u n d s   i n c l u d e   t h o s e   w h i c h   a r e  

5  p r e p a r e d   by  m o d i f y i n g   o r g a n i c   m a g n e s i u m   c o m p o u n d s   h a v i n g   t h e  

g e n e r a l   f o r m u l a   RMgX,  R2Mg,  RMg(OR)  ( w h e r e i n   R  i s   an  o r g a n i c  

r e s i d u e   h a v i n g   1  to   20  c a r b o n   a t o m s ,   and  X  i s   a  h a l o g e n   a t o m )  

and  t h e   l i k e ,   t h e i r   e t h e r   c o m p l e x e s   or  t h e i r   o r g a n i c   m a g n e -  

s ium  c o m p o u n d s   w i t h   o t h e r   o r g a n i c   m e t a l l i c   c o m p o u n d s   s u c h   a s  

10  an  o r g a n i c   s o d i u m ,   an  o r g a n i c   l i t h i u m ,   an  o r g a n i c   p o t a s s i u m ,  

an  o r g a n i c   b o r o n ,   an  o r g a n i c   c a l c i u m   and  an  o r g a n i c   z i n c .  

A n o t h e r   e x a m p l e   of  t h e   c a t a l y t i c   s y s t e m   i s   a  c o m b i n a t i o n  

of  t h e   f o l l o w i n g   s o l i d   m a t e r i a l   and  an  o r g a n i c   a l u m i n u m  

c o m p o u n d ,   t h i s   s o l i d   m a t e r i a l   b e i n g   t h a t   w h i c h   i s   p r e p a r e d   b y  

1  5  b r i n g i n g   an  i n o r g a n i c   o x i d e   s u c h   as  SiO2  or  AA2O3  w h i c h   i s  

t h e   s o l i d   c a t a l y t i c   c o m p o n e n t   i n t o   c o n t a c t   w i t h   a  s o l i d  

c a t a l y t i c   c o m p o n e n t   c o n t a i n i n g   a t   l e a s t   m a g n e s i u m   a n d  

t i t a n i u m .   CaO,  B2O3  and  SnC>2  as  w e l l   as  t h e i r   d o u b l e   o x i d e s  

can  a l s o   u s e d   as  t h e   i n o r g a n i c   o x i d e s   w i t h o u t   any  t r o u b l e ,   i n  

20  a d d i t i o n   to   SiO2  and  A£2°3  a b o v e   m e n t i o n e d .   The  c o n t a c t   o f  

t h e   i n o r g a n i c   o x i d e   w i t h   t h e   s o l i d   c a t a l y t i c   c o m p o n e n t  

c o n t a i n i n g   m a g n e s i u m   and  t i t a n i u m   can  be  a c c o m p l i s h e d   by  a  

known  m a n n e r .   T h a t   i s ,   t h e   a f o r e s a i d   c o n t a c t   p r o c e s s   can  b e  

c a r r i e d   o u t   by  r e a c t i n g   t h e s e   m a t e r i a l s   a t   a  t e m p e r a t u r e   o f  

25  20  to   4 0 0 ° C ,   p r e f e r a b l y   50  to   300°C  u s u a l l y   f o r   5  to   20  h o u r s  
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in  t h e   p r e s e n c e   of  or  in  t h e   a b s e n c e   of  an  i n a c t i v e   s o l v e n t ,  

p e r f o r m i n g   t h e i r   c o g r i n d i n g   t r e a t m e n t ,   or  r e a c t i n g   them  i n  

t he   c o m b i n a t i o n   of  t h e s e   m e t h o d s .  

In  t h i s   c a t a l y t i c   s y s t e m ,   t h e   t i t a n i u m   c o m p o u n d   may  b e  

5  u s e d   as  i t s   a d d u c t   w i t h   an  o r g a n i c   c a r b o x y l a t e ,   and  t h e  

i n o r g a n i c   s o l i d   compound   c o n t a i n i n g   m a g n e s i u m   may  be  u s e d  

a f t e r   s u b j e c t e d   to   a  c o n t a c t   t r e a t m e n t   w i t h   an  o r g a n i c  

c a r b o x y l a t e .   A d d i t i o n a l l y ,   t h e   o r g a n i c   a l u m i n u m   compound   m a y  

be  e m p l o y e d   as  i t s   a d d u c t   w i t h   t h e   o r g a n i c   c a r b o x y l a t e  

10  w i t h o u t   any  p r o b l e m .   In  e v e r y   c a s e ,   m o r e o v e r ,   i t   can   a l s o   b e  

a c h i e v e d   w i t h o u t   any  i n c o n v e n i e n c e   to   make  u se   of  t h e  

c a t a l y t i c   s y s t e m   p r e p a r e d   in  t h e   p r e s e n c e   of  t h e   o r g a n i c  

c a r b o x y l a t e .  

E x a m p l e s   of  u s a b l e   o r g a n i c   c a r b o x y l a t e s   i n c l u d e   a  

15  v a r i e t y   of  a l i p h a t i c ,   a l i c y c l i c   and  a r o m a t i c   c a r b o x y l a t e s ,  

and  t h e i r   p r e f e r a b l e   o n e s   a r e   t h e   a r o m a t i c   c a r b o x y l a t e s  

h a v i n g   7  to   1  2  c a r b o n   a t o m s   .  C o n c r e t e   e x a m p l e s   of  t h e s e  

c a r b o x y l a t e s   i n c l u d e   a l k y l   e s t e r s   s u c h   as  m e t h y l   and  e t h y l  

e s t e r s   of  b e n z o i c   a c i d ,   a n i s i c   a c i d   and  t o l u i c   a c i d .  

20  C o n c r e t e   e x a m p l e s   of  t h e   o r g a n i c   a l u m i n u m   c o m p o u n d s  

w h i c h   a r e   to   be  c o m b i n e d   w i t h   t h e   a b o v e   m e n t i o n e d   s o l i d  

c a t a l y t i c   c o m p o n e n t   a r e   p r e f e r a b l y   o r g a n i c   a l u m i n u m   c o m p o u n d s  

r e p r e s e n t e d   by  t h e   g e n e r a l   f o r m u l a e   ^ k i ,   I^AJtX,  RAJLX2, 

R2AJIOR,  RAJl(OR)X  and  R3AA2X3  w h e r e i n   R  i s   an  i d e n t i c a l   o r  

25  d i f f e r e n t   a l k y l   g r o u p   h a v i n g   2  to   20  c a r b o n   a t o m s ,   an  a r y l  

-  9  -  



0 2 1 2 1 4 2  

g r o u p   or  an  a r a l k y l   g r o u p ,   and  X  is   an  h a l o g e n   a t o m .  

C o n c r e t e   e x a m p l e s   of  t h e   o r g a n i c   a l u m i n u m   c o m p o u n d s   i n c l u d e  

t r i e t h y l a l u m i n u m ,   t r i i s o b u t y l a l u m i n u m ,   t r i h e x y l a l u m i n u m ,  

t r i o c t y l a l u m i n u m ,   d i e t h y l a l u m i n u m   c h l o r i d e ,   d i e t h y l a l u m i n u m  

5  e t h o x i d e ,   e t h y l a l u m i n u m s e s q u i   c h l o r i d e   and  t h e i r   m i x t u r e s .  

An  a m o u n t   of  t h e   o r g a n i c   a l u m i n u m   c o m p o u n d   to  be  u s e d   i s  

no t   p a r t i c u l a r l y   l i m i t e d ,   b u t   i t   i s   u s u a l l y   0.1  to  1 , 0 0 0   m o l "  

t i m e s   as  much  as  t h a t   of  t h e   t i t a n i u m   c o m p o u n d .  

I f   t h e   a b o v e   m e n t i o n e d   c a t a l y t i c   s y s t e m   i s   b r o u g h t   i n t o  

1  0  c o n t a c t   w i t h   an  a - o l e f   in   and  i s   t h e n   u s e d   f o r   t h e   p o l y m e r i z a -  

t i o n   r e a c t i o n ,   i t s   p o l y m e r i z a t i o n   a c t i v i t y   can   be  i m p r o v e d  

r e m a r k a b l y ,   w h e r e b y   a  more   s t a b l e   o p e r a t i o n   t h a n   in  t h e   c a s e  

of  no  t r e a t m e n t   can  be  c a r r i e d   o u t .   As  t h e   a - o l e f   in  u s e d   i n  

t h i s   t r e a t m e n t ,   a  v a r i e t y   of  o l e f i n s   can   be  u t i l i z e d ,   b u t  

15  p r e f e r a b l e   o n e s   have   3  to   12  c a r b o n   a t o m s ,   and  more  p r e f e r -  

a b l e   o n e s   have   3  to   8  c a r b o n   a t o m s .   C o n c r e t e   e x a m p l e s   o f  

t h e s e   a - o l e f   i n s   i n c l u d e   p r o p y l e n e ,   b u t e n e - 1   ,  p e n t e n e - 1   . 

4 - m e t h y l p e n t e n e - 1   ,  h e x e n e - 1   ,  o c t e n e - 1   ,  d e c e n e - 1   and  d o d e c -  

ene -1   and  t h e i r   m i x t u r e s .   The  c o n t a c t   t r e a t m e n t   of  t h e  

20  c a t a l y t i c   s y s t e m   w i t h   t h e   a - o l e f i n   i s   c a r r i e d   ou t   w i t h i n   a  

wide   t e m p e r a t u r e   r a n g e ,   e . g . ,   in   t h e   r a n g e   of  0  to   200  ° C ,  

p r e f e r a b l y   0  to   1 1 0 ° C ,   f o r   a  p e r i o d   of  1  m i n u t e   to  24  h o u r s .  

An  a m o u n t   of  t h e   a - o l e f i n   can  be  s e l e c t e d   f rom  a  w ide   r a n g e ,  

bu t   in   g e n e r a l ,   i t   i s   w i t h i n   t h e   r a n g e   of  1  to   5 0 , 0 0 0   g r a m s ,  

25  p r e f e r a b l y   5  to   3 0 , 0 0 0   g r a m s ,   p e r   gram  of  t h e   s o l i d   c a t a l y t i c  
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c o m p o n e n t ,   bu t   i t   i s   more  p r e f e r r e d   t h a t   t h e   a - o l e f i n   in  a n  

amoun t   of  1  to  500  g r a m s   p e r   gram  of  t h e   s o l i d   c a t a l y t i c  

c o m p o n e n t   t a k e s   p a r t   in  t h e   r e a c t i o n .   In  t h i s   t i m e ,   a  

p r e s s s u r e   d u r i n g   t h e   c o n t a c t   t r e a t m e n t   can   be  o r t i o n a l l y  

5  s e l e c t e d ,   b u t   i t   i s   p r e f e r a b l y   c a r r i e d   o u t   u n d e r   a  p r e s s u r e  

of  -1  to   100  k g / c m 2   *G.  In  t r e a t i n g   t h e   a - o l e f i n ,   t h e   t o t a l  

a m o u n t   of  t h e   o r g a n i c   a l u m i n u m   c o m p o u n d   to   be  u s e d   may  b e  

c o m b i n e d   w i t h   t h e   s o l i d   c a t a l y t i c   c o m p o n e n t   and  may  t h e n   b e  

b r o u g h t   i n t o   c o n t a c t   w i t h   t h e   o t - o l e f i n e .   A l t e r n a t i v e l y ,   a  

10  p a r t   of  t h e   u s e d   o r g a n i c   a l u m i n u m   c o m p o u n d   may  be  c o m b i n t e d  

w i t h   t h e   s o l i d   c a t a l y t i c   c o m p o n e n t   and  may  be  b r o u g h t   i n t o  

c o n t a c t   w i t h   t h e   a - o l e f i n ,   and  t h e   r e m a i n i n g   o r g a n i c   a l u m i n u m  

compound   may  be  s e p a r a t e l y   a d d e d   t h e r e t o   in  t h e   t i m e   of  t h e  

p o l y m e r i z a t i o n ,   t h e r e b y   p e r f o r m i n g   a  p o l y m e r i z a t i o n   r e a c t i o n .  

15  F u r t h e r ,   when  t h e   c a t a l y t i c   s y s t e m   i s   c o n t a c t e d   w i t h   t h e  

a - o l e f i n ,   a  h y d r o g e n   gas   may  s u i t a b l y   be  p r e s e n t ,   and  i t   i s  

a l s o   a c c e p t a b l e   t h a t   an  i n e r t   gas   s u c h   as  n i t r o g e n ,   a r g o n   o r  

h e l i u m   may  be  c o e x i s t e n t   t h e r e .  

The  a b o v e   m e n t i o n e d   p o l y m e r i z a t i o n   r e a c t i o n   can  b e  

20  c a r r i e d   o u t   l i k e   a  p o l y m e r i z a t i o n   r e a c t i o n   of  an  o l e f i n   b y  

t h e   use   of  a  u s u a l   Z i e g l e r   c a t a l y s t .   T h a t   i s ,   t h e   r e a c t i o n  

can  be  p e r f o r m e d   s u b s t a n t i a l l y   in   t h e   c o n d i t i o n   of  b e i n g   f r e e  

f rom  o x y g e n ,   w a t e r   and  t h e   l i k e   in  a  g a s e o u s   p h a s e   or  in  t h e  

p r e s e n c e   of  an  i n e r t   s o l v e n t   or   by  t h e   u t i l i z a t i o n   of  t h e  

25  monomer   i t s e l f   as  a  s o l v e n t .   With   r e g a r d   to   t h e   c o n d i t i o n s  
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of  t h e   o l e f i n   p o l y m e r i z a t i o n ,   a  t e m p e r a t u r e   i s   w i t h i n   t h e  

r a n g e   of  20  to   300°C ,   p r e f e r a b l y   40  to   2 0 0 ° C ,   and  a  p r e s s u r e  

is   w i t h i n   t he   r a n g e   of  o r d i n a r y   p r e s s u r e   to   70  kg / cm2   *G, 

p r e f e r a b l y   2  or  60  kg /cm2  »G.  A  m o l e c u l a r   w e i g h t   of  t h e  

5  p o l y m e r   to   be  p r o d u c e d   can  be  a d j u s t e d   by  c h a n g i n g   p o l y m e r i z a -  

t i o n   c o n d i t i o n s   s u c h   as  a  p o l y m e r i z a t i o n   t e m p e r a t u r e ,   a  m o l a r  

r a t i o   of  t h e   c a t a l y s t   and  t h e   l i k e   to   some  e x t e n t ,   b u t   i t   c a n  

be  e f f e c t i v e l y   a c h i e v e d   by  a d d i n g   h y d r o g e n   to   t h e   p o l y m e r i z a -  

t i o n   s y s t e m .   N e e d l e s s   to   s a y ,   a  p o l y m e r i z a t i o n   r e a c t i o n  

10  c o m p r i s i n g   two  more  s t e p s   may  be  c a r r i e d   o u t   w i t h o u t   a n y  

p r o b l e m   in  w h i c h   t h e   r e a c t i o n   c o n d i t i o n s   s u c h   as  a  h y d r o g e n  

c o n c e n t r a t i o n ,   p o l y m e r i z a t i o n   t e m p e r a t u r e   and  t h e   l i k e  

a r e   d i f f e r e n t .  

The  e t h y l e n e - a - o l e f   in  c o p o l y m e r   p r e p a r e d   in   t h i s *   w a y  

15  w h i c h   i s   t h e   c o m p o n e n t   (a)  of  t h e   p r e s e n t   i n v e n t i o n   s h o u l d  

have   t h e   f o l l o w i n g   r e q u i r e m e n t s ;  

(A)  A  d e n s i t y   i s   f rom  0 . 8 6   to   0 .91  g / c m 3 .  

(B)  A  b o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r   i s   10%  b y  

w e i g h t   or  m o r e .  

20  (C)  A  maximum  p e a k   (Tm)  i s   100°C  or  more   on  t h e   b a s i s  

of  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   ( D S C ) .  

When  t h e   a b o v e   m e n t i o n e d   d e s i t y   i s   in   e x c e s s   of  0 . 9 1  

q / c m 3 ,   t h e   p r e p a r e d   c o m p o s i t i o n   m i g h t   h a v e   no  f l e x i b i l i t y ;  

when  i t   i s   l e s s   t h a n   0 . 8 6   g / c m 3 ,   t h e   m e l t i n g   p o i n t   of  t h e  

25  c o m p o s i t i o n   w i l l   be  low  and  i t s   h e a t   r e s i s t a n c e   w i l l   a l s o  
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be  p o o r .  

F u r t h e r ,   when  t h e   b o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r   o f  

t h e   e t h y l e n e - a - o l e f i n   c o p o l y m e r   i s   l e s s   t h a n   10%  by  w e i g h t ,  

an  a m o r p h o u s   m a t e r i a l   and  a  l o w - m o l e c u l a r   c o m p o n e n t   w i l l  

5  i n c r e a s e ,   so  t h a t   o i l   r e s i s t a n c e   and  s t r e n g t h   of  t h e   f i n a l  

p r o d u c t   w i l l   d e t e r i o r a t e .  

On  t h e   o t h e r   h a n d ,   in  t h e   c a s e   t h a t   t h e   maximum  p e a k  

t e m p e r a t u r e   (Tm)  by  t h e   d i f f e r e n t i a l   s c a n n i n g   c a l o r i e  

m e a s u r e m e n t   (DSC)  i s   l e s s   t h a n   1 0 0 ° C ,   h e a t   r e s i s t a n c e   of  t h e  

10  p r o d u c t   w i l l   be  p o o r .  

A  m e l t   i n d e x   ( h e r e i n a f t e r   r e f e r r e d   to   s i m p l y   as  MI)  o f  

t h e   e t h y l e n e - a - o l e f i n   c o p o l y m e r   i s   w i t h i n   t h e   r a n g e   of  0 . 0 5  

to  50  g r a m s   p e r   1  0  m i n u t e s ,   p r e f e r a b l y   0.1  to   20  g rams   p e r  

1  0  m i n u t e s   . 

I5  In  p a r t i c u l a r ,   in  t h e   c a s e   t h a t   t h e   p r o d u c t   i s   e m p l o y e d  

as  an  e l e c t r i c a l   m a t e r i a l ,   i t   i s   p r e f e r r e d   t h a t   t h e   MI  i s  

w i t h i n   t h e   r a n g e   of  0 .3   to   5  g r a m s   p e r   10  m i n u t e s .  

M e a s u r i n g   p r o c e d u r e s   of  t h e   b o i l i n g   n - h e x a n e   i n s o l u b l e  

m a t t e r   and  t h e   DSC  r e g a r d i n g   t h e   p r e s e n t   i n v e n t i o n   a r e  

20  as  f o l l o w s :  

( M e a s u r e m e n t   of  B o i l i n g   n - H e x a n e   I n s o l u b l e   M a t t e r )  

A  s h e e t   of  200  um  in  t h i c k n e s s   i s   m o l d e d   by  t h e   u se   of  a  

h o t   p r e s s ,   and  t h r e e   s m a l l   s h e e t s   e a c h   h a v i n g   a  l e n g t h   of  2 0  

mm  and  a  w i d t h   of  30  mm  a r e   c u t   o u t   f rom  t h e   m o l d e d   s h e e t .  

25  Each  of  t h e s e   s h e e t s   i s   s e t   on  a  d o u b l e   p i p e   t y p e   S o x h l e t ' s  
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e x t r a c t o r ,   and  e x t r a c t i o n   i s   t h e n   c a r r i e d   ou t   w i t h   b o i l i n g  

n - h e x a n e   f o r   5  h o u r s .   An  n - h e x a n e   i n s o l u b l e   m a t t e r   i s  

a f t e r w a r d   t a k e n   ou t   t h e r e f r o m   and  i s   d r i e d   ( u n d e r   v a c u u m ,   a t  

50°C  f o r   7  h o u r s ) ,   and  t h e   b o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r  

5  i s   t h e   c a l c u l a t e d   by  t h e   f o l l o w i n g   f o r m u l a :  

B o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r   (w t%)  

=  ( w e i g h t   of  u s e d   e x t r a c t i o n   s h e e t   /  w e i g h t   o f  

u n u s e d   e x t r a c t i o n   s h e e t )   x  1  00  (w t%)  

( M e a s u r e m e n t   of  DSC) 

10  A  s a m p l e   h a v i n g   a  w e i g h t   of  a b o u t   5  mg  i s   t a k e n   o u t   f r o m  

a  f i l m   of  100  ym  t h i c k   m o l d e d   by  a  h o t   p r e s s   and  i s   t h e n   s e t  

on  a  DSC  a p p a r a t u s ,   and  a  t e m p e r a t u r e   of  t h e   l a t t e r   i s   r a i s e d  

up  to   170°C  and  i s   t h e n   m a i n t a i n e d   a t   t h i s   t e m p e r a t u r e   f o r   15  

m i n u t e s .   A f t e r w a r d ,   i t   i s   c o o l e d   a t   a  t e m p e r a t u r e   d r o p   r a t e  

15  of  2 . 5 ° C / m i n   up  to   a  l e v e l   of  0°C.  N e x t ,   t h e   t e m p e r a t u r e   i s  

r a i s e d   f rom  t h i s   l e v e l   up  t o   170°C  a t   a  t e m p e r a t u r e   r i s e   r a t e  

of  1 0 ° C / m i n ,   and  m e a s u r e m e n t   i s   t h e n   c a r r i e d   o u t .   A  t e m p e r a -  

t u r e   a t   t h e   p o s i t i o n   of  a  maximum  p e a k   w h i c h   has   a p p e a r e d  

d u r i n g   t h e   t e m p e r a t u r e   r i s e   f rom  0  to   170°C  i s   r e g a r d e d  

20  as  Tm. 

The  e t h y l e n e - a - o l e f i n   c o p o l y m e r   w h i c h   i s   t h e   c o m p o n e n t  

(a)  of  t h e   p r e s e n t   i n v e n t i o n   has   a  h i g h   c r y s t a l l i n e   p o r t i o n  

and  an  a m o r p h o u s   p o r t i o n   t o g e t h e r   w h i c h   a r e   p r o d u c e d   t h e  

c o p o l y m e r i z a t i o n   of  e t h y l e n e   w i t h   t h e   a - o l e f i n .   In  c o n s e -  

25  q u e n c e ,   t h e   e t h y l e n e   c o p o l y m e r   p o s s e s s e s   p r o p e r t i e s   t o g e t h e r  
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such   as  s t r e n g t h   and  h e a t   r e s i s t a n c e   w h i c h   a  c o n v e n t i o n a l  

c r y s t a l l i n e   p o l y o l e f i n   r e s i n   has   and  p r o p e r t i e s   s u c h   a s  

r u b b e r - l i k e   e l a s t i c i t y   and  f l e x i b i l i t y   w h i c h   t h e   a m o r p h o u s  

p o l y m e r   h a s .  

5  H e r e t o f o r e ,   as  t h i s   k i n d   of  e t h y l e n e   c o p o l y m e r s   w h i c h  

a r e   c o m m e r c i a l l y   a v a i l a b l e ,   t h e r e   a r e   a  s t r a i g h t - c h a i n  

l o w - d e n s i t y   p o l y e t h y l e n e   ( h e r e i n a f t e r   r e f e r r e d   to   s i m p l y   a s  

L-LDPE)  and  an  e t h y l e n e - a - o l e f   in  c o p o l y m e r   r u b b e r   ( h e r e i n -  

a f t e r   r e f e r r e d   to   s i m p l y   as  E P R ) .  

10  H o w e v e r ,   t h e   e t h y l e n e - a - o l e f   in  c o p o l y m e r   w h i c h   i s   t h e  

c o m p o n e n t   (a)  of  t h e   p r e s e n t   i n v e n t i o n   i s   d e f i n i t e l y   d i f f e r -  

e n t   f rom  t h e   c o n v e n t i o n a l   s t r a i g h t - c h a i n   l o w - d e n s i t y   p o l y -  

e t h y l e n e   or  t h e   e t h y l e n e - a - o l e f i n   c o p o l y m e r   r u b b e r   w h i c h   i s  

p r e p a r e d   by  u s i n g   t h e   s o l i d   c a t a l y t i c   c o m p o n e n t   c o n t a i n i n g  

15  v a n a d i u m .  

F i g .   1  shows   t h e   r e s u l t s   of  t h e   c r y s t a l   m e l t i n g   b e h a v i o r  

of  t h e   v a r i o u s   e t h y l e n e   c o p o l y m e r s   w h i c h   were   m e a s u r e d   by  t h e  

use   of  t h e   d i f f e r e n t i a l   s c a n n i n g   c a l o r i e   m e t e r   ( D S C ) .  

As  be  a p p a r e n t   f rom  t h e   r e s u l t s   in  F i g .   1  ,  t h e   L - L D P E  

20  s t i l l   has   a  h i g h   c r y s t a l l i n i t y   and  a  h i g h e r   f l a m e   r e t a r d a n c e ,  

and  t h e r e f o r e   when  f i l l e d   w i t h   p l e n t y   of  an  i n o r g a n i c   f l a m e  

r e t a r d e r ,   i t s   f l e x i b i l i t y   w i l l   be  l o s t ,   a  l o w - t e m p e r a t u r e  

p r o p e r t i e s   w i l l   be  p o o r ,   w i t h   t h e   r e s u l t   t h a t   i t   w i l l  

be  i m p r a c t i c a b l e .  

25  On  t h e   c o n t r a r y ,   t h e   EPR  s c a r c e l y   has   t h e   c r y s t a l l i n i t y ,  
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and  even   i f   t h e   c r y s t a l l i n e   p o r t i o n   i s   p r e s e n t ,   i t   i s   v e r y  

s l i g h t .   T h e r e f o r e ,   t h e   maximum  peak   t e m p e r a t u r e   (Tm)  by  t h e  

DSC  is   l e s s   t h a n   1 0 0 ° C .  

T h i s   f a c t   i n d i c t a t e s   t h a t   t h e   EPR  c a n n o t   be  u s e d   i n  

5  a p p l i c a t i o n s   r e q u i r i n g   h e a t   r e s i s t a n c e ,   m e c h a n i c a l   s t r e n g t h  

and  t h e   l i k e .  

The  o l e f i n   p o l y m e r   m o d i f i e d   w i t h   t h e   u n s a t u r a t e d  

c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e   w h i c h   i s   t h e   c o m p o n e n t   ( b )  

of  t h e   p r e s e n t   i n v e n t i o n   i s   an  d e f i n e   p o l y m e r   m o d i f i e d   w i t h  

10  0 .05   to   10%  by  w e i g h t   of  t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d   o r  

i t s   d e r i v a t i v e   in   t h e   p r e s e n c e   of  an  o r g a n i c   p e r o x i d e ,   or  a  

m i x t u r e   of  t h e   m o d i f i e d   p o l y m e r   and  t h e   u n m o d i f i e d   o l e f i n  

p o l y m e r .  

E x a m p l e s   of  t h e   u s a b l e   o l e f i n e   p o l y m e r s   i n c l u d e   o l e f i n  

15  h o m o p o l y m e r s   s u c h   as  p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,   p o l y -  

b u t e n e - 1   and  p o l y - 4 - m e t h y l - p e n t e n e - 1   ;  m u t u a l   c o p o l y m e r s   o f  

e t h y l e n e ,   p r o p y l e n e ,   b u t e n e - 1   ,  4 - m e t h y l p e n t e n e - 1   ,  h e x e n e - 1  

and  o c t e n e - 1   ;  an  e t h y l e n e - v i n y l   e s t e r   c o p o l y m e r   s u c h   as  a n  

e t h y l e n e - v i n y l   a c e t a t e   c o m p o l y m e r ;   and  c o p o l y m e r s   of  u n s a t u -  

20  r a t e d   c a r b o x y l i c   a c i d s   and  u n s a t u r a t e d   c a r b o x y l a t e s   s u c h   a s  

an  e t h y l e n e - a c r y l i c   a c i d   c o p o l y m e r ,   an  e t h y l e n e - m e t h a c r y l i c  

a c i d   c o p o l y m e r ,   an  e t h y l e n e - a c r y l a t e   c o m p o l y m e r   and  a n  

e t h y l e n e - m e t h a c r y l a t e   c o p o l y m e r .   The  p r e f e r a b l e   o l e f i n  

p o l y m e r s   a r e   p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,   and  a  c o p o l y m e r   o f  

25  e t h y l e n e   and  a n o t h e r   a - o l e f i n   s u c h   as  an  e t h y l e n e - b u t e n e - 1  
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c o p o l y m e r ,   and  t h e   more  p r e f e r a b l e   o n l e f i n   p o l y m e r s   a r e   a n  

e t h y l e n e   h o m o p o l y m e r   h a v i n g   d e n s i t y   of  0 .91  to   0 . 9 7   g /cm^  a n d  

an  e t h y l e n e - a - o l e f   in  c o p o l y m e r   and  m i x t u r e s   t h e r e o f .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o l l o w i n g   r u b b e r s   may  b e  

5  u s e d   t o g e t h e r   w i t h   t h e   a b o v e   m e n t i o n e d   o l e f i n   p o l y m e r s :  

S o l i d   r u b b e r s   s u c h   as  a  p o l y i s o b u t y l e n e ,   a  b u t y l   r u b b e r ,   a n  

e t h y l e n e - p r o p y l e n e   r u b b e r ,   an  e t h y l e n e - p r o p y l e n e - d i e n e  

r u b b e r ,   a  s t y r e n e - b u t a d i e n e   r u b b e r ,   a  p o l y b u t a d i e n e   r u b b e r ,   a  

c h l o r o p r e n e   r u b b e r ,   a  u r e t h a n e   r u b b e r ,   an  e t h y l e n e - v i n y l  

10  a c e t a t e   c o p o l y m e r   r u b b e r   and  a  n a t u r a l   r u b b e r ;   l i q u i d   r u b b e r s  

s u c h   as  a  l i q u i d   p o l y b u t a d i e n e ,   a  s y n t h e t i c   r u b b e r   and  a  

n a t u r a l   r u b b e r ;   and  m i x t u r e s   t h e r e o f .   On  t h e   o t h e r   h a n d ,  

e x a m p l e s   of  t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d s   i n c l u d e   m o n o -  

b a s i c   a c i d s   and  d i b a s i c   a c i d s   s u c h   as  a c r y l i c   a c i d ,   m e t h a -  

15  c r y l i c   a c i d ,   m a l e i c   a c i d ,   f u m a r i c   a c i d ,   c r o t o n i c   a c i d ,  

i t a c o n i c   a c i d   and  c i t r a c o n i c   a c i d .  

F u r t h e r ,   t h e   d e r i v a t i v e s   of  t h e   u n s a t u r a t e d   c a r b o x y l i r  

a c i d s   i n c l u d e   m e t a l l i c   s a l t s ,   a m i d e s ,   i m i d e s ,   e s t e r s   a n d  

a n h y d r i d e s   of  t h e   a b o v e   m e n t i o n e d   u n s a t u r a t e d   c a r b o x y l i c  

20  a c i d s ,   b u t   of  t h e s e   c o m p o u n d s ,   m a l e i c   a n h y d r i d e   i s   m o s t  

p r e f e r a b l e .  

An  a m o u n t   of  t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d   or  i t s  

d e r i v a t i v e   ( h e r e i n a f t e r   r e f e r r e d   to   s i m p l y   as  t h e   u n s a t u r a t e d  

c a r b o x y l i c   a c i d )   w h i c h   a d d i t i v e l y   m o d i f i e s   t h e   o l e f i n   p o l y m e r  

25  i s   w i t h i n   t h e   r a n g e   of  0 . 0 5   to   10%  by  w e i g h t ,   p r e f e r a b l y   0 . 1  
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to  5%  by  w e i g h t ,   and  t h e i r   t h e r m a l   r e a c t i o n   i s   c a r r i e d   ou t   i n  

t he   p r e s e n c e   of  an  o r g a n i c   p e r o x i d e .  

The  a b o v e - m e n t i o n e d   r e a c t i o n   may  be  c a r r i e d   ou t   o p t i o n -  

a l l y ,   f o r   e x a m p l e ,   by  m e l t i n g   and  m i x i n g   t h e   m a t e r i a l s   in   t h e  

5  a b s e n c e   of  any  s o l v e n t   in  an  e x t r u d e r   or  in  a  k n e a d e r   of  a  

B a n b u r y   m i x e r   or  t h e   l i k e ,   or  by  t h e r m a l l y   m i x i n g   t h e  

m a t e r i a l s   in  an  a r o m a t i c   h y d r o c a r b o n   s o l v e n t   s u c h   as  b e n z e n e ,  

x y l e n e   or   t o l u e n e   or   an  a l i p h a t i c   h y d r o c a r b o n   s o l v e n t   s u c h   a s  

h e x a n e ,   h e p t a n e   or  o c t a n e .   H o w e v e r ,   f r om  t h e   v i e w p o i n t s   o f  

10  h i g h   economy  and  s i m p l e   o p e r a t i o n ,   t h e   i m p l e m e n t a t i o n   of  t h e  

r e a c t i o n   in   t h e   e x t r u d e r   i s   p r e f e r r e d .  

When  an  a m o u n t   of  t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d   i s   i n  

e x c e s s   of  10%  by  w e i g h t ,   u n d e s i r a b l e   d e c o m p o s i t i o n   a n d  

c r o s s l i n k i n g   r e a c t i o n   w i l l   o c c u r   t o g e t h e r   w i t h   t h e   a d d i t i o n  

15  r e a c t i o n ;   when  i t   i s   l e s s   t h a n   0.05%  by  w e i g h t ,   t h e   e f f e c t   o f  

t h e   p r e s e n t   i n v e n t i o n   w i l l   be  n o t   a c h i e v e d   s u f f i c i e n t l y .  

E x a m p l e s   of  t h e   u s a b l e   o r g a n i c   p e r o x i d e s   i n c l u d e   b e n z o y l  

p e r o x i d e ,   r a u r y l   p e r o x i d e ,   a z o b i s i s o b u t y r o n i t r i l e ,   d i c u m y l  

p e r o x i d e ,   t - b u t y l h y d r o   p e r o x i d e ,   a , a ' - b i s ( t - b u t y l p e r o x y d i i s o -  

20  p r o p y l )   b e n z e n e ,   d i - t   - b u t y l   p e r o x i d e ,   2 , 5 - d i ( t - b u t y l p e r o x y   ) -  

h e x i n e ,   and  an  a m o u n t   of  t h e   o r g a n i c   p e r o x i d e   i s   w i t h i n   t h e  

r a n g e   of  0 . 0 0 5   to   2 .0   p a r t s   by  w e i g h t ,   p r e f e r a b l y   0.01  to   1 

p a r t   by  w e i g h t   b a s e d   on  100  p a r t s   by  w e i g h t   of  t h e   o l e f i n  

p o l y m e r .   When  t h e   a m o u n t   of  t h e   o r g a n i c   p e r o x i d e   i s   l e s s  

25  t h a n   0 . 0 0 5   p a r t   by  w e i g h t ,   the  e f f e c t   of  t h e   m o d i f i c a t i o n   w i l l  
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n o t   a p p e a r   a p p r e c i a b l y ;   when  i t   i s   more  t h a n   2  p a r t s   b y  

w e i g h t ,   i t   w i l l   be  d i f f i c u l t   to  o b t a i n   an  a d d i t i o n a l   e f f e c t ,  

and  e x c e s s i v e   d e c o m p o s i t i o n   and  c r o s s l i n k i n g   r e a c t i o n   m i g h t  

o c c u r   d i s a d v a n t a g e o u s l y .  

5  The  t e m p e r a t u r e   f o r   t h e   a b o v e   m e n t i o n e d   r e a c t i o n   i s  

s u i t a b l y   s e l e c t e d   c o n s i d e r i n g   t h e   q u a l i t y   d e t e r i o r a t i o n   o f  

t h e   r e s i n ,   t h e   d e c o m p o s i t i o n   of  t h e   u n s a t u r a t e d   c a r b o x y l i c  

a c i d ,   t h e   d e c o m p o s i t i o n   t e m p e r a t u r e   l e v e l   of  t h e   o r g a n i c  

p e r o x i d e ,   b u t   in   g e n e r a l ,   a  r e a c t i o n   t e m p e r a t u r e   of  150  t o  

10  300  °C  i s   e m p l o y e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   an  u n m o d i f i e d   o l e f i n   p o l y m e r  

or   an  u n m o d i f i e d   r u b b e r   may  be  s u i t a b l y   a d d e d   to   and  m i x e d  

w i t h   t h e   m o d i f i e d   o l e f i n   p o l y m e r .   A  m i x i n g   w e i g h t   r a t i o   o f  

t h e   m o d i f i e d   o l e f i n   :  t h e   u n m o d i f i e d   o l e f i n   p o l y m e r   i s  

15  o p t i o n a l ,   b u t   p r e f e r a b l y   1  :  99  to   50  :  50,  more   p r e f e r a b l y  

10  :  90  to   45  :  5 5 .  

A  b l e n d   p r o p o r t i o n   of  t h e   a b o v e   m e n t i o n e d   c o m p o n e n t   ( b )  

to   t h e   c o m p o n e n t   (a)   i s   w i t h i n   t h e   r a n g e   of  1  to   40%  b y  

w e i g h t ,   p r e f e r a b l y   5  to   20%  by  w e i g h t .  

20  When  the  b lended  amount  of  t h e   a b o v e   m e n t i o n e d   c o m p o n e n t  

(b)  i s   l e s s   t h a n   1%  by  w e i g h t ,   t h e   i m p r o v e m e n t   in   t e n s i l e  

s t r e n g t h   w i l l   s c a r c e l y   be  o b t a i n e d ;   when  i t   i s   more  t h a n   40% 

by  w e i g h t ,   t h e   d e t e r i o r a t i o n   in   e l o n g a t i o n   w i l l   be  n o t i c e a b l e  

and  t e n s i l e   s t r e n g t h   w i l l   be  p o o r .  

25  E x a m p l e s   of  t h e   i n o r g a n i c   f l a m e   r e t a r d e r s   w h i c h   a r e   t h e  
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c o m p o n e n t   (c)  of  t h e   p r e s e n t   i n v e n t i o n   i n c l u d e   a l u m i n u m  

h y d r o x i d e ,   m a g n e s i u m   h y d r o x i d e ,   z i r c o n i u m   h y d r o x i d e ,   b a s i c  

m a g n e s i u m   c a r b o n a t e ,   d o l o m i t e ,   h y d r o t a l c i t e ,   c a l c i u m   h y d r o x -  

i d e ,   b a r i u m   h y d r o x i d e ,   a  h y d r a t e   of  t i n   o x i d e ,   a  h y d r a t e   o f  

5  an  i n o r g a n i c   m e t a l l i c   compound   such   as  b o r a x ,   z i n c   b o r a t e ,  

z i n c   m e t a b o r a t e ,   b a r i u m   m e t a b o r a t e ,   z i n c   c a r b o n a t e ,   m a g n e s i u m -  

c a l c i u m   c a r b o n a t e ,   c a l c i u m   c a r b o n a t e ,   b a r i u m   c a r b o n a t e ,  

m a g n e s i u m   o x i d e ,   m o l y b d e n u m   o x i d e ,   z i r c o n i u m   o x i d e ,   t i n   o x i d e  

and  r ed   p h o s p h o r u s .   They  may  be  u s e d   a l o n e   or  in  a  c o m b i n a -  

1  0  t i o n   of  two  or  more  t h e r e o f   .  Of  t h e s e   c o m p o u n d s   ,  a t   l e a s t  

one  s e l e c t e d   f rom  t h e   g r o u p   of  m a g n e s i u m   h y d r o x i d e ,   a l u m i n u m  

h y d r o x i d e ,   b a s i c   m a g n e s i u m   c a r b o n a t e ,   h y d r o t a l c i t e   has   a  g o o d  

f l a m e - r e t a r d a n t   e f f e c t   and  i s   e c o n o m i c a l l y   a d v a n t a g e o u s .   A 

g r a i n   s i z e   of  t h e   f l a m e   r e t a r d e r   v a r i e s   w i t h   i t s   kind*,  b u t  

15  w i t h   r e g a r d   to   m a g n e s i u m   h y d r o x i d e ,   a l u m i n u m   h y d r o x i d e   a n d  

t h e   l i k e ,   t h e   a v e r a g e   g r a i n   s i z e   i s   p r e f e r a b l y   20  um  or  l e s s ,  

more  p r e f e r a b l y   w i t h i n   t h e   r a n g e   of  0 .3   to   5  um.  

An  a m o u n t   of  t h e   i n o r g a n i c   f l a m e   r e t a r d e r   i s   w i t h i n   t h e  

r a n g e   of  20  to   200  p a r t s   by  w e i g h t ,   p r e f e r a b l y   40  to   1 5 0  

20  p a r t s   by  w e i g h t   b a s e d   on  100  p a r t s   by  w e i g h t   of  t h e   r e s i n .  

When  t h e   a m o u n t   of  t h e   f l a m e   r e t a r d e r   i s   l e s s   t h a n   20  p a r t s  

by  w e i g h t ,   a  f l a m e - r e t a r d a n t   e f f e c t   of  t h e   p r o d u c t   w i l l   b e  

i n s u f f i c i e n t ;   when  i t   i s   more  t h a n   200  p a r t s   by  w e i g h t ,   t h e  

p r o d u c t   w i l l   h ave   p o o r   m e c h a n i c a l   s t r e n g t h ,   i m p a i r e d   e l o n g a -  

25  t i o n   and  d e t e r i o r a t e d   f l e x i b i l i t y ,   and  i t   w i l l   be  b r i t t l e   a n d  
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p o o r   in  l o w - t e m p e r a t u r e   p r o p e r t i e s .  

In  o r d e r   to  o b t a i n   a  h i g h e r   f l a m e   r e t a r d a n c e   t h a n   V-1  o r  

V-0  of  UL-94 ,   i . e . ,   a  s e l f   - e x t i n g u i s h i n g   f  l a m e - r e t a r d a n t  

c o m p o s i t i o n ,   an  o r g a n i c   f l a m e   r e t a r d e r   c o m p r i s i n g   a  h a l o g e n  

5  compound   as  a  c o m p o n e n t   (d)  and  a n t i m o n y   t r i o x i d e   or  a n t i m o n y  

p e n t o x i d e   as  a  f  l a m e - r e t a r d a n t   a u x i l i a r y   a r e   p r e f e r a b l y   m i x e d  

w i t h   t h e   a b o v e   m e n t i o n e d   r e s i n o u s   c o m p o n e n t   and  i n o r g a n i c  

f l a m e   r e t a r d e r   so  t h a t   a  r a t i o   of  t h e   o r g a n i c   f l a m e   r e t a r d e r  

:  t h e   f l a m e - r e t a r d a n t   a u x i l i a r y   may  be  w i t h i n   t h e   r a g n e   of  5 

10  :  1  to   1  :  3  and  so  t h a t   t h e   t o t a l   a m o u n t   of  b o t h   t h e  

m a t e r i a l s   may  be  100  p a r t s   by  w e i g h t   or  l e s s .  

The  u s a b l e   o r g a n i c   f l a m e   r e t a r d e r s   c o m p r i s i n g   t h e  

h a l o n g e n   c o m p o u n d s   w h i c h   a r e   t h e   c o m p o n e n t s   (d)  of  t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e   a  c h l o r i n e   f l a m e   r e t a r d e r   and  a  

15  b r o m i n e   f l a m e   r e t a r d e r .   F u r t h e r ,   as  t h e   f  l a m e - r e t a r d e r  

a u x i l i a r i e s ,   a n t i m o n y   t r i o x i d e   and  a n t i m o n y   p e n t o x i d e   c a n  

be  e m p l o y e d .  

The  o r g a n i c   f l a m e   r e t a r d e r   and  t h e   f l a m e - r e t a r d a n t  

a u x i l i a r y   s h o u l d   be  u s e d   t o g e t h e r ,   and  t h e i r   r e m a r k a b l e  

20  f l a m e - r e t a r d a n t   e f f e c t   can   be  o b t a i n e d ,   when  a  w e i g h t   r a t i o  

of  t h e   o r g a n i c   f l a m e   r e t a r d e r   :  t h e   f  l a m e - r e t a r t a n t   a u x i l i a r y  

i s   1  to   5  :  1  to   3,  p r e f e r a b l y   1  to   3  :  1  . 

The  n o t i c e a b l e   e f f e c t   due  to   t h e   o r g a n i c   f l a m e   r e t a r d e r  

and  t h e   f l a m e - r e t a r d a n t   a u x i l i a r y   can   be  o b t a i n e d ,   when  t h e  

25  t o t a l   a m o u n t   of  t h e s e   m a t e r i a l s   i s   w i t h i n   t h e   r a n g e   of  10  t o  
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100  p a r t s   by  w e i g h t ,   p r e f e r a b l y   20  to   50  p a r t s   by  w e i g h t  

b a s e d   on  t h e   t o t a l   w e i g h t   of  t h e   o t h e r   c o m p o n e n t s   ( a ) ,   ( b )  

and  (  c  )  . 

E x a m p l e s   of  t h e   o r g a n i c   f l a m e   r e t a r d e r s   c o m p r i s i n g   t h e  

5  h a l o g e n   c o m p o u n d s   i n c l u d e   b r o m i n e   s e r i e s   s u c h   as  t e t r a b r o m o -  

b i s p h e n o l   A  (TBA),  h e x a b r o m o b e n z e n e ,   d e c a b r o m o   d i p h e n y l  

e t h e r ,   t e t r a b r o m o e t h a n e   (TBE) ,   t e t r a b r o m o b u t a n e   (TBB)  a n d  

h e x a b r o m o c y c l o d e c a n e   (HBCD);  and  c h l o r i n e   s e r i e s   s u c h   as  a  

c h l o r i n a t e d   p a r a f f i n ,   a  c h l o r i n a t e d   p o l y p h e n o l ,   a  c h l o r i n a t e d  

10  p o l y e t h y l e n e ,   d i p h e n y l   c h l o r i d e ,   p e r c h l o r o p e n t a c y c l o d e c a n e  

and  a  c h l o r i n a t e d   n a p h t h a l e n e .  

A d d i t i o n a l l y ,   in   t h e   p r e s e n t   i n v e n t i o n ,   a  p h o s p h o r u s  

s e r i e s   f l a m e - r e t a r d e r   may  be  u s e d   t o g e t h e r .  

The  c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h e   - f l a m e -  

15  r e t a r d a n t   c o m p o s i t i o n   e x c e l l e n t   in   m e c h a n i c a l   s t r e n g t h   a n d  

h e a t   r e s i s t a n c e   in   w h i c h   in   1  00  p a r t s   by  w e i g h t   of  a  s y n -  

t h e t i c   r e s i n   c o m p o n e n t   w h i c h   i s   c o m p o s e d   of  99  to   60%  b y  

w e i g h t   of  an  e t h y l e n e - c t - o l e f i n   c o p o l y m e r   h a v i n g   (a)  a  d e n s i t y  

of  0 . 8 6   to   0.91  g / c m 3 ,   a  b o i l i n g   n - h e x a n e   i n s o l u b l e   m a t t e r   o f  

20  10%  by  w e i g h t   or   more  and  a  maximum  p e a k   t e m p e r a t u r e   of  1 0 0 ° C  

by  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   m e a s u r e m e n t   and  (b)  1  to   40% 

by  w e i g h t   of  an  o l e f i n   p o l y m e r   m o d i f i e d   w i t h   an  u n s a t u r a t e d  

c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e ,   (c)  20  to   200  p a r t s   b y  

w e i g h t   of  an  i n o r g a n i c   f l a m e   r e t a r d e r   i s   c o n t a i n e d .   I n  

25  p a r t i c u l a r ,   t h e   c o m b i n a t i o n   of  t h e   c o m p o n e n t   (a)  and  t h e  
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i n o g a n i c   f l a m e   r e t a r d e r   p e r m i t s   i n c r e a s i n g   t h e   r e c e p t i v e  

v o l u m e   of  t h e   f l a m e   r e t a r d e r   and  t h u s   h e i g h t e n i n g   t h e  

f l a m e - r e t a r d a n t   e f f e c t .   F u r t h e r ,   when  t h e   o l e f i n   p o l y m e r  

c o m p o n e n t   (b)  m o d i f i e d   w i t h   t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d  

5  or  i t s   d e r i v a t i v e   i s   s u i t a b l y   a d d e d   to  t h e   c o m p o n e n t   ( a ) ,   t h e  

c o m p o n e n t   (b)  has   t h e   f u n c t i o n   s u c h   as  a  c o u p l i n g   a g e n t  

b e t w e e n   t h e   c o m p o n e n t s   (a)  and  (c)  in  o r d e r   to   o u t s t a n d i n g l y  

i m p r o v e   the  m u t u a l   c o m p a t i b i l i t y ,   m e c h a n i c a l   s t r e n g t h   a n d  

h e a t   r e s i s t a n c e .  

10  T h i s   f a c t   e n a b l e s   t h e   compos i t i on™  of  t h e   p r e s e n t  

i n v e n t i o n   to   be  d e s i r a b l y   u t i l i z e d   as  e l e c t r i c a l   m a t e r i a l s  

s u c h   as  i n s u l a t i n g   m a t e r i a l s   and  o u t e r   c o v e r i n g   m a t e r i a l s   f o r  

e l e c t r i c a l   w i r e s   and  c a b l e s .  

An  i n o r g a n i c   f i l l e r   w h i c h   i s   an  o p t i o n a l   c o m p o n e n t   u s e d  

15  in   t h e   p r e s e n t   i n v e n t i o n   may  be  p o w d e r y ,   p l a n e ,   s c a l y ,  

n e e d l e - l i k e ,   s p h e r i c a l ,   h o l l o w   or  f i b r o u s ,   and  c o n c r e t e  

e x a m p l e s   of  t h e   i n o r g a n i c   f i l l e r s   i n c l u d e   p o w d e r y   f i l l e r s  

such   as  c a l c i u m   s u l f a t e ,   c a l c i u m   s i l i c a t e ,   c l a y ,   d i a t o m a c e o u s  

e a r t h ,   t a l c ,   a l u m i n a ,   s i l i c e o u s   s a n d ,   g l a s s   p o w d e r ,   i r o n  

20  o x i d e ,   m e t a l l i c   p o w d e r ,   g r a p h i t e ,   s i l i c o n   c a r b i d e ,   s i l i c o n  

n i t r i d e ,   s i l i c a ,   b o r o n   n i t r i d e ,   a l u m i n u m   n i t r i d e   and  c a r b o n  

b l a c k ;   p l a n e   or  s c a l y   f i l l e r s   s u c h   as  m i c a ,   g l a s s   p l a t e ,  

s e r i c i t e ,   p y r o p h y l l i t e   and  m e t a l   f o i l s   s u c h   as  a l u m i n u m   f l a k e  

and  g r a p h i t e ;   h o l l o w   f i l l e r s   s u c h   as  S h i r a s u   b a l l o o n ,  

25  m e t a l l i c   b a l l o o n ,   g l a s s   b a l l o o n   and  p u m i c e ;   and  m i n e r a l  
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f i b e r s   s u c h   as  g l a s s   f i b e r ,   c a r b o n   f i b e r ,   g r a p h i t e   f i b e r ,  

w h i s k e r ,   m e t a l l i c   f i b e r ,   s i l i c o n   c a r b i d e   f i b e r ,   a s b e s t o s  

and  w o l l a s t o n i t e .  

T h i s   i n o r g a n i c   f i l l e r   can  be  u s e d   in  an  a m o u n t   of  a b o u t  

5  100  p a r t s   or  l e s s   by  w e i g h t   b a s e d   on  1  00  p a r t s   by  w e i g h t   o f  

t h e   c o m p o s i t i o n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .  

When  t h e   a m o u n t   of  t h e   i n o r g a n i c   f i l l e r   i s   in  e x c e s s   o f  

100  p a r t s   by  w e i g h t ,   m o l d e d   a r t i c l e s   w i l l   be  p o o r   in  m e c h a n -  

i c a l   s t r e n g t h   s u c h   as  s h o c k   s t r e n g t h   d i s a d v a n t a g e o u s l y .  

10  In  t h e   p r e s e n t   i n v e n t i o n ,   when  t h e   a b o v e   m e n t i o n e d  

i n o r g a n i c   f l a m e   r e t a r d e r   or   t h e   i n o r g a n i c   f i l l e r   i s   u s e d ,   t h e  

s u r f a c e   of  t h i s   i n o r g a n i c   m a t e r i a l   i s   p r e f e r a b l y   t r e a t e d   w i t h  

an  a l i p h a t i c   a c i d   s u c h   as  s t e a r i c   a c i d ,   o l e i c   a c i d   o r  

p a l m i t i c   a c i d ,   or  i t s   m e t a l l i c   s a l t ,   a  p a r a f f i n   wax,  a  

15  p o l y e t h y l e n e   wax  or  i t s   m o d i f i e d   m a t e r i a l ,   an  o r g a n i c   s i l a n e ,  

an  o r g a n i c   b o r a n e ,   an  o r g a n i c   t i t a n a t e   or  t h e   l i k e .  

In  t h e   p r e s e n t   i n v e n t i o n ,   p r e d e t e r m i n e d   a m o u n t s   of  t h e  

e t h y l e n e - a - o l e f i n   c o p o l y m e r ,   t h e   f l a m e   r e t a r d e r ,   and  i f  

d e s i r e d ,   t h e   i n o r g a n i c   f i l l e r ,   a d d i t i v e s   and  t h e   l i k e   a r e  

20  m e l t e d   and  k n e a d e d   in  an  o r d i n a r y   k n e a d e r   s u c h   as  a  B a n b u r y  

m i x e r ,   a  p r e s s u r e   k n e a d e r ,   a  k n e a d i n g   e x t r u d e r ,   a  b i a x i a l  

e x t r u d e r   and  r o l l s ,   and  t h e   r e s u l t a n t   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  s u p p l i e d   in   t h e   fo rm  of  p e l l e t s   or   a  

m a s t e r b a t c h .   In  a d d i t i o n   t h e r e t o ,   t h e   a b o v e   m e n t i o n e d   r e s i n  

25  c o m p o n e n t   may  be  s u b j e c t e d   to   a  d r i v e   b l e n d i n g   t r e a t m e n t   w i t h  
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t h e   f l a m e   r e t a r d e r ,   a d d i t i v e s   and  the   l i k e .  

F u r t h e r m o r e ,   in  t h e   p r e s e n t   i n v e n t i o n ,   o t h e r   a d d i t i v e s  

may  be  a d d e d   in  so  f a r   as  t he   e f f e c t   t h e r e o f   i s   no t   i m p a i r e d  

r e m a r k a b l y ,   and  e x a m p l e s   of  s u c h   a d d i t i v e s   i n c l u d e   a n o t h e r  

5  s y n t h e t i c   r e s i n ,   an  a n t i o x i d a n t ,   a  l u b r i c a n t ,   v a r i o u s   o r g a n i c  

and  i n o r g a n i c   p i g m e n t s ,   an  u l t r a v i o l e t   s t a b i l i z e r ,   a  d i s p e r -  

s a n t ,   a  c o p p e r   d e - a c t i v a t o r ,   a  n e u t r a l i z e r ,   a  b l o w i n g   a g e n t ,  

a  p l a s t i c i z e r ,   a  foam  i n h i b i t o r ,   a  c r o s s l i n k i n g   a u x i l i a r y ,   a n  

i m p r o v e r   f o r   f l o w   p r o p e r t i e s ,   an  i m p r o v e r   f o r   we ld   s t r e n g t h  

10  and  a  n u c l e a t i n g   a g e n t .  

Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

r e f e r e n c e   to   e x a m p l e s .  

(Used  R e s i n s )  

P r e p a r a t i o n   of  C o m p o n e n t   ( a )  

1  5  The  c o m p o n e n t   (a)  was  p r e p a r e d   by  c o p o l y m e r i z i n g  

e t h y l e n e   and  b u t e n e - 1   or  p r o p y l e n e   by  t h e   u se   of  a  s o l i d  

c a t a l y t i c   c o m p o n e n t   made  f rom  s u b s t a n t i a l l y   a n h y d r o u s  

m a g n e s i u m   c h l o r i d e ,   1  ,  2 - d i c h l o r o e t h a n e   or   a n t h r a c e n e   a n d  

t i t a n i u m   t e t r a c h l o r i d e ,   and  a  c a t a l y s t   c o m p r i s i n g  

20  t r i e t h y l a l u m i n u m .  

(A)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

(MI  = 1 . 0   g / 1 0   min ,   d e n s i t y   =  0 . 9 0 5   g / c m 3 )  

(B)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

(MI  =  0 .8   g / 1 0   min ,   d e n s i t y   =  0 . 9 0 0   g / c m 3 )  

25  (C)  E t h y l e n e - p r o p y l e n e   c o p o l y m e r  
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(MI  =  0 .5  g / 1 0   min ,   d e n s i t y   =  0 . 8 9 0   g / c m 3 )  

In  t h e   c a s e s   of  c o m p a r a t i v e   e x a m p l e s  

(D)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

(MI  =  4  g / 1 0   min ,   d e n s i t y   =  0 . 8 8 7   g / c m 3 )  

5  ( t r a d e   name:   T o u g h m e r   A4085;   M i t s u i   P e t r o c h e m i c a l  

I n d u s t r i e s ,   L t d . )  

(E)  E t h y l e n e - p r o p y l e n e   c o p o l y m e r  

(MI  = 1 . 9   g / 1 0   min ,   d e n s i t y   = 0 . 8 6   g / c m 3 )  

( t r a d e   name:   EPO2p;  J a p a n   S y n t h e t i c   R u b b e r  

10  C o . ,   L t d . )  

C o m p o n e n t   (  b  ) 

( o l e f i n   p o l y m e r   m o d i f i e d   w i t h   an  u n s a t u r a t e d  

c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e )  

(F)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

15  ( d e n s i t y   =  0 . 9 3 5   g / c m 3 ,   MI  =  0 .8   g / 1 0   m i n )  

( N i p p o n   P e t r o c h e m i c a l s   C o . ,   L t d . )  

(G)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

( d e n s i t y   =  0 . 9 2 2   g / c m 3 ,   MI  =  1 .0   g / 1 0   m i n )  

( N i p p o n   P e t r o c h e m i c a l s   C o . ,   L t d . )  

20  (H)  E t h y l e n e - b u t e n e - 1   c o p o l y m e r  

( d e n s i t y   =  0 . 9 5 6   g / c m 3 ,   MI  =  1 .6   g / 1 0   m i n )  

( N i p p o n   P e t r o c h e m i c a l s   Co . ,   L t d . )  

The  a b o v e   m e n t i o n e d   t h r e e   e t h y l e n e - a - o l e f i n   c o p o l y m e r s  

( F ) ,   (G)  and  (H)  we re   m e l t e d   and  k n e a d e d   t o g e t h e r   w i t h   0 . 2 5 %  

25  by  w e i g h t   of  m a l e i c   a n h y d r i d e   and  0.02%  by  w e i g h t   of  a n  
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o r g a n i c   p e r o x i d e   ( t r a d e   name:   P e r h e x y n e   2 , 5 B ,   N i p p o n   O i l s   & 

F a t s   C o . ,   L t d . )   a t   a  t e m p e r a t u r e   of  230°C  by  t h e   use   of  a  

^0-mm(t>  e x t r u d e r   in  o r d e r   to  p r e p a r e   a  m o d i f i e d   o l e f i n   p o l y m e r  

c o n t a i n i n g   a  m a l e i c   a n h y d r i d e   a d d i t i v e   a m o u n t   of  0.15%  b y  

5  w e i g h t   (F1  ,  G'  and  H1  ) -  

A  p r e d e t e r m i n e d   a m o u n t   of  m a g n e s i u m   h y d r o x i d e   ( t r a d e  

name:  Kisuma  5B;  Kyowa  C h e m i c a l   C o . ,   L t d . )   as  a  f l a m e  

r e t a r d e r   was  a d d e d   to   100  p a r t s   by  w e i g h t   of  a  r e s i n o u s  

c o m p o n e n t   c o m p r i s i n g   p r e d e t e r m i n e d   a m o u n t s   of  t h e   a b o v e  

10  m e n t i o n e d   c o m p o n e n t s   (a)  and  (b)  in   o r d e r   to   p r e p a r e   a  

c o m p o s i t i o n ,   f o r   w h i c h   p h y s i a l   p r o p e r t i e s   were   e v a l u a t e d .  

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   1  . 

E x a m p l e s   1  to   3  and  C o m p a r a t i v e   E x a m p l e s   1  to   4 

As  a  c o m p o n e n t   ( a ) ,   an  e t h y l e n e - c t - o l e f   in  c o p o l y m e r   (A)  

15  was  u s e d ,   and  t h e   i n f l u e n c e   of  a m o u n t s   of  an  u n m o d i f i e d  

o l e f i n   p o l y m e r   and  a  m o d i f i e d   o l e f i n   p o l y m e r   was  o b s e r v e d .  

As  a  r e s u l t ,   when  t h e   a m o u n t   of  t h e   m o d i f i e d   p o l y o l e f i n  

was  l e s s   t h a n   t h e   r a n g e   of  t h e   p r e s e n t   i n v e n t i o n ,   t e n s i l e  

s t r e n g t h   was  s m a l l ,   h e a t   d e f o r m a t i o n   r a t e   was  l a r g e ,   and  h e a t  

20  r e s i s t a n c e   was  p o o r .   On  t h e   o t h e r   h a n d ,   when  t h e   a m o u n t   w a s  

t o o   l a r g e ,   m e c h a n i c a l   s t r e n g t h s   s u c h   as  t e n s i l e   s t r e n g t h   a n d  

e l o n g a t i o n   were   l o w e r e d ,   and  t h e   e f f e c t   of  t h e   i m p r o v e m e n t  

was  i n s u f f i c i e n t .   In  c o n t r a s t ,   in   t h e   c a s e   of  t h e   p r e s e n t  

i n v e n t i o n ,   m e c h a n i c a l   s t r e n g t h s   such   as  t e n s i l e   s t r e n g t h   a n d  
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e l o n g a t i o n   and  h e a t   r e s i s t a n c e   ( h e a t   d e f o r m a t i o n   r a t e )   w e r e  

l a r g e l y   i m p r o v e d .   F u r t h e r ,   in  t h e   c a s e   t h a t   a  c o m p o n e n t   ( b )  

was  t he   u n m o d i f i e d   o l e f i n   p o l y m e r ,   t e n s i l e   s t r e n g t h ,   e l o n g a -  

t i o n   and  h e a t   r e s i s t a n c e   were   s c a r c e l y   i m p r o v e d .  

5  E x a m p l e s   4  to  7  and  C o m p a r a t i v e   E x a m p l e s   5  and  6 

In  E x a m p l e s   4  and  5,  an  e t h y l e n e - a - o l e f   in  w h i c h   was  a  

c o m p o n e n t   (a)  of  t h e   p r e s e n t   i n v e n t i o n   was  e x c h a n g e d ,   and  i n  

E x a m p l e s   6  and  7  ,  a  m o d i f i e d   o l e f i n   p o l y m e r   w h i c h   was  a  

c o m p o n e n t   (b)  was  a l t e r e d   in  o r d e r   to   o b s e r v e   r e s u l t s   due  t o  

10  s u c h   a l t e r a t i o n s ,   b u t   in  a l l   of  t h e s e   e x a m p l e s ,   a  g r e a t  

i m p r o v e m e n t   was  a c h i e v e d   as  in   E x a m p l e s   2  and  3 .  

On  t h e   c o n t r a r y ,   in  C o m p a r a t i v e   E x a m p l e s   5  and  6,  t h e  

c o m p o n e n t   (a)  of  t h e   p r e s e n t   i n v e n t i o n   was  r e p l a c e d   w i t h   a  

r u b b e r   s e r i e s   e t h y l e n e - a - o l e f   in   c o p o l y m e r .   As  a  r e s u l t ,  

15  t e n s i l e   s t r e n g t h ,   e l o n g a t i o n   and  h e a t   r e s i s t a n c e   a l l   w e r e  

r e m a r k a b l y   p o o r   . 

E x a m p l e   8  and  C o m p a r a t i v e   E x a m p l e s   7  and  8 

In  E x a m p l e   8  and  C o m p a r a t i v e   E x a m p l e s   7  and  8,  t h e  

i n f l u e n c e   of  an  a m o u n t   of  an  i n o r g a n i c   f l a m e   r e t a r d e r  

20  ( m a g n e s i u m   h y d r o x i d e )   was  o b s e r v e d .  

As  a  r e s u l t ,   in   t h e   c a s e   t h a t   t h e   a m o u n t   of  t h e   i n o r -  

g a n i c   f l a m e   r e t a r d e r   was  l e s s   t h a n   t h e   r a n g e   of  t h e   p r e s e n t  

i n v e n t i o n ,   an  o x y g e n   i n d e x   was  s m a l l   and  a  f  l a m e - r e t a r d a n t  
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e f f e c t   was  p o o r ,   and  in  t h e   c a s e   i t   was  more  t h a n   t h e   r a n g e  

t h e r e o f ,   m e c h a n i c a l   s t r e n g t h s   such   as  t e n s i l e   s t r e n g t h   a n d  

e l o n g a t i o n   were   r e m a r k a b l y   l o w e r e d   - 

As  be  a p p a r e n t   f rom  t h e   f o r e g o i n g ,   in  t he   c o m p o s i t i o n   o f  

5  t h e   p r e s e n t   i n v e n t i o n ,   t h e   e n h a n c e m e n t   in  m e c h a n i c a l  

s t r e n g t h s   such   as  t e n s i l e   s t r e n g t h   and  e l o n g a t i o n   as  w e l l   a s  

t h e   i m p r o v e m e n t   in  h e a t   r e s i s t a n c e   and  f l a m e   r e s i s t a n c e   w e r e  

c l e a r l y   w e l l   b a l a n c e d .  

E x a m p l e   9 

1  °  The  p r o c e d u r e   in  E x a m p l e   2  was  r e p e a t e d   w i t h   t h e  

e x c e p t i o n   t h a t   m a g n e s i u m   h y d r o x i d e   w h i c h   was  a  f l a m e   r e t a r d e r  

in  E x a m p l e   2  was  r e p l a c e d   w i t h   130  p a r t s   by  w e i g h t   o f  

a l u m i n u m   h y d r o x i d e   ( t r a d e   name:   H i g i l i t e   H-42M;  N i p p o n   L i g h t  

M e t a l   C o . ,   L t d . ) ,   and  t h e   e v a l u a t e d   r e s u l t s   a r e   s e t   f o r t h   i n  

15  T a b l e   1.  The  r e s u l t s   i n d i c a t e   t h a t   t e n s i l v e   s t r e n g t h ,  

e l o n g a t i o n   and  h e a t   r e s i s t a n c e   were   i m p r o v e d   r e m a r k a b l y .  

C o m p a r a t i v e   E x a m p l e   9 

A  r e s i n   (G)  w h i c h   was  t h e   c o m p o n e n t   ( b ) ,   i . e . ,   a  l i n e a r  

l o w - d e n s i t y   p o l y e t h y l e n e   ( e t h y l e n e - b u t e n e - 1   c o p o l y m e r )   w a s  

20  u s e d ,   and  e v a l u a t i o n   was  c a r r i e d   ou t   as  in  E x a m p l e   6.  T h e  

o b t a i n e d   r e s u l t s   a r e   s e t   f o r t h   in   T a b l e   1  .  They  i n d i c a t e  

t h a t   f l e x i b l i t y ,   l o w - t e m p e r a t u r e   b r i t t l e n e s s   were   v e r y   b a d .  
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Example   1  0 

In  t h i s   e x a m p l e ,   UL-94  t e s t   was  c a r r i e d   ou t   to  l o o k   f o r  

a  h i g h e r   f l a m e   r e t a r d a n c e   ( s e l f   - e x t i n g u i s h i n g   p r o p e r t i e s ) .  

T h a t   i s ,   p r e d e t e r m i n e d   a m o u n t s   of  a  d e r i v a t i v e   of  t e t r a b r o m o -  

5  b i s p h e n o l   A  ( t r a d e   namde :   F i r e g u a r d   3003 ;   T e i j i n   C h e m i c a l  

Co.  ,  L t d .   )  as  a  h a l o g e n   s e r i e s   f l a m e   r e t a r d e r   and  a n t i m o n y  

t r i o x i d e   (Sb2C>3)  as  a  f  l a m e - r e t a r d a n t   a u x i l i a r y   were   m i x e d  

w i t h   p r e d e t e r m i n e d   a m o u n t s   of  t h e   same  c o m p o n e n t s   ( a ) ,   ( b )  

and  (c)  as  in  E x a m p l e   1.  For   t h e   r e s u l t a n t   c o m p o s i t i o n ,  

10  p h y s i c a l   p r o p e r t i e s   s u c h   as  f l a m e   r e t a r d a n c e ,   t e n s i l e  

s t r e n g t h   and  t h e   l i k e   w e r e   m e a s u r e d .   The  r e s u l t s   a r e   s e t  

f o r t h   in  T a b l e   2 .  

In  c o n s e q u e n c e ,   in   S a m p l e s   1  to   5  in   w h i c h   a  r a t i o   o f  

t h e   h a l o g e n   s e r i e s   f l a m e   r e t a r d e r   :  t h e   f l a m e - r e t a r d a n t  

15  a u x i l i a r y   was  in   t h e   r a n g e   of  5  :  1  to   1  :  3,  no  d r o p p i n g   o f  

a  f i r e   c h i p   o c c u r r e d ,   and  t h e   V-0  s u c c e s s   i n   t h e   UL-94  t e s t  

was  o b t a i n e d .   In  a d d i t i o n ,   a l l   t h e   c o m p o s i t i o n s   in   t h e s e  

s a m p l e s   were   good  in   m e c h a n i c a l   s t r e n g t h s   s u c h   as  t e n s i l e  

s t r e n g t h   and  e l o n g a t i o n ,   and  in   s h o r t ,   t h e y   m a i n t a i n e d   a n  

20  a d e q u a t e   p r o p e r t y   b a l a n c e .  

As  s e e n   in   S a m p l e s   6  and  7,  h o w e v e r ,   in   t h e   c a s e   t h a t  

t h e   r a t i o   of  t h e   h a l o g e n   f l a m e   r e t a r d e r   :  t h e   f l a m e - r e t a r d a n t  

a u x i l i a r y   was  o u t s i d e   t h e   r a n g e   of  5  :  1  to   1  :  3,  i t   w a s  

d i f f i c u l t   to   o b t a i n   t h e   c o m p o s i t i o n   h a v i n g   b a l a n c e d   m e c h a n i -  

25  c a l   s t r e n g t h s   and  a  h i g h e r   f l a m e   r e t a r d a n c e  
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( s e l f - e x t i n g u s h i n g   p r o p e r t i e s ) .  

F u r t h e r ,   in  t h e   c a s e s   of  S a m p l e s   8  and  9  in  w h i c h   a n  

a m o u n t   of  t he   i n o r g a n i c   f l a m e   r e t a r d e r   was  o u t s i d e   t h e   r a n g e  

of  t h e   p r e s e n t   i n v e n t i o n ,   b o t h   t h e   m e c h a n i c a l   s t r e n g t h s   a n d  

5  t h e   s e l f   - e x t i n g u i s h i n g   p r o p e r t i e s   were   bad  and  i n s u f f i c i e n t .  

In  S a m p l e s   1  0  and  1  1  ,  m a g n e s i u m   h y d r o x i d e   was  r e p l a c e d  

w i t h   t a l c   ( t r a d e   name:   T a l c   13R;  Asada   F l o u r   M i l l i n g   C o . ,  

L t d . )   and  c a l c i u m   c a r b o n a t e   ( t r a d e   name:   C a l c i u m   C a r b o n a t e  

# 1 0 1 0 ;   N i t t o   P o w d e r i n g   C o . ,   L t d . ) ,   and  e v a l u a t i o n   was  t h e n  

10  made .   Both   of  t h e s e   s a m p l e s   d i d   n o t   s u c c e e d   in  V-0  in  t h e  

UL-94  t e s t .  

In  R e f e r e n c e   E x a m p l e   1  ,  a  m o d i f i e d   o l e f   in  p o l y m e r   w h i c h  

was  t h e   c o m p o n e n t   (b)  of  t h e   p r e s e n t   i n v e n t i o n   was  n o t  

b l e n d e d .   As  a  r e s u l t   of  i t s   e v a l u a t i o n ,   t h e   d r o p p i n g   of  a  

15  f i r e   c h i p   was  s e e n ,   and  V-1  c o u l d   n o t   be  s a t i s f i e d .  

E x a m p l e   1  1 

In  t h i s   e x a m p l e ,   a  p o l y e t h y l e n e   c a b l e   i n s u l a t o r   i . e . ,  

s h e a t h   w h i c h   was  an  e l e c t r i c a l   m a t e r i a l   was  p r e p a r e d   i n  

a c c o r d a n c e   w i t h   q u a l i t y   s t a n d a r d s   of  J I S   C3604 ,   J i s   C3605  a n d  

20  J I S   C 3 6 0 6 .  

(1)  J IS   C 3 6 0 4 - 1 9 7 1   ( P o l y e t h y l e n e   I n s u l a t e d   C a b l e )  

(2)  J i s   C 3 6 0 5 - 1 9 8 1   (600  V  P o l y e t h y l e n e   I n s u l a t e d   C a b l e  

and  600  V  C r o s s - l i n k e d   P o l y e t h y l e n e   I n s u l a t e d   C a b l e )  

(3)  J i s   C 3 6 0 6 - 1 9 8 1   ( H i g h - V o l t a g e   C r o s s - l i n k e d  
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P o l y e t h y l e n e   I n s u l a t e d   C a b l e )  

One  e x a m p l e   of  t h e   q u a l i t y   s t a n d a r d s   of  t h e   a b o v e  

m e n t i o n e d   J I S   C3604,   C3605  and  C3606  is   as  f o l l o w s :  

A b s t r a c t   of  Q u a l i t y   S t a n d a r d s   J I S   C3604 ,   C3605  and  C 3 6 0 6  

5  I t em  C h a r a c t e r i s t i c s  

T e n s i l e   S t r e n g t h   1 .0   kg f /mm2  ( 9 . 8   MPa)  or  m o r e  

E l o n g a t i o n   350%  or  m o r e  

Tha t   i s ,   a  c o p o l y m e r   of  e t h y l e n e   and  p r o p y l e n e   o r  

b u t e n e - 1   w h i c h   were   d i f f e r e n t   in   m e l t   i n d e x   was  p r e p a r e d   i n  

1  0  t h e   same  m a n n e r   as  in  E x a m p l e   1  ,  and  t h e   t h u s   p r e p a r e d  

c o p o l y m e r   was  b l e n d e d   w i t h   t h e   c o m p o n e n t s   ( b ) ,   (c)  and  ( d ) .  

The  m a n u f a c t u r e d   a r t i c l e   was  e v a l u a t e d   f o r   t e n s i l e   s t r e n g t h  

and  e l o n g a t i o n   r e g a r d i n g   a p p l i c a b i l i t y   as  a  p o l y e t h y l e n e  

i n s u l a t o r   or  s h e a t h   f o r   an  e l e c t r i c   c a b l e   ( m e a s u r e m e n t   w a s  

15  made  in  a c c o r d a n c e   w i t h   J IS   C 3 0 0 5 ) .   The  r e s u l t s   a r e   s e t  

f o r t h   in  T a b l e   3 .  

As  a  r e s u l t ,   Sample   Nos.   3  and  8  c o u l d   n o t   s a t i s f y   t h e  

q u a l i t y   s t a n d a r d s   of  t h e   a b o v e   m e n t i o n e d   J I S   C3604  to   C 3 6 0 6  

in  p o i n t   of  t e n s i l e   s t r e n g t h .   T h e r e f o r e ,   i t   was  f o u n d  

20  d e s i r a b l e   t h a t   t h e   m e l t   i n d e x   of  t h e   e t h y l e n e - a - o l e f i n  

c o p o l y m e r   w h i c h   was  t h e   c o m p o n e n t   (a)  was  5  g / 1 0   m i n u t e s   o r  

l e s s   f o r   t h e   s a k e   of  a  p o l y e t h y l e n e   c a b l e   i n s u l a t o r   or  s h e a t h  

w h i c h   was  one  e l e c t r i c a l   m a t e r i a l .  
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I n c i d e n t a l l y ,   t h e   p r o c e d u r e s   of  t h e   r e s p e c t i v e   t e s t s  

were   as  f o l l o w s :  

1  .  T e n s i l e   S t r e n g t h   and  E l o n g a t i o n  

No.  3  d u m b b e l l s   f o r m e d   by  p u n c h i n g   a  s h e e t   h a v i n g   a  

5  t h i c k n e s s   of  1  mm  were   u s e d   as  s p e c i m e n s ,   and  m e a s u r e m e n t   w a s  

c a r r i e d   o u t   by  t h e   use   of  T e n s i l o n e   a t   a  t e n s i l e   r a t e   o f  

200  rn ra /min .  

2.  Hea t   R e s i s t a n c e   ( h e a t   d e f o r m a t i o n )  

D e f o r m a t i o n   was  m e a s u r e d   by  a p p l y i n g   a  l o a d   of  2 . 6 4   k g  

10  to   a  s a m p l e   c o l u m n   h a v i n g   a  t h i c k n e s s   of  6  mm  and  a  d i a m e t e r  

of  10  mm  f o r   30  m i n u t e s   in   an  o i l   b a t h   a t   1 0 0 ° C .  

3.  Oxygen   I n d e x   ( O . I . )  

I t   was  c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   D . 2 8 6 3 - A S T M  

O . I .   =  (Oxygen   f l o w   r a t e )   /  ( O x y g e n   f l o w  

15  r a t e )   +  ( N i t r o g e n   f l o w   r a t e )   x  1 0 0  

A  minimum  o x y g e n   c o n c e n t r a t i o n   n e c e s s a r y   to   c o n t i n u o u s l y  

b u r n   a  s a m p l e   f o r   3  m i n u t e s   or   m o r e ,   or  n e c e s s a r y   f o r   t o  

c o n t i n u o u s l y   b u r n   50  mm  or  more  of  t h e   s a m p l e .  

4.  F l ame   R e t a r d a n c e   (on  t h e   b a s i s   of  UL-94  t e s t )  

20  A  s p e c i m e n   h a v i n g   a  l e n g t h   of  127  mm,  a  w i d t h   of  1 2 . 7   mm 

and  a  t h i c k n e s s   of  1 .6   mm  ( o f f i c i a l l y   1 / 1 6   i n c h )   was  p u t   in   a  

f l a m e   f o r   10  s e c o n d s   and  was  t h e n   t a k e n   o u t   t h e r e f r o m ,   a n d  

i t s   c o m b u s t i o n   t i m e   and  r e d   h e a t   t i m e   we re   m e a s u r e d .   A f t e r  

t h e   f l a m e   on  t h e   s p e c i m e n   was  p u t   o u t ,   i t   was  f u r t h e r   p u t   i n  

25  t h e   f l a m e   f o r   10  s e c o n d s   and  t h e n   t a k e n   o u t   t h e r e f r o m ,   a n d  
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t he   c o m b u s t i o n   t i m e   and  r ed   h e a t   t i m e   we re   m e a s u r e d   a g a i n ,  

( i )   V-0  S u c c e s s  

"V-0  s u c c e s s "   means   t h a t   an  a v e r a g e   s e l f - e x t i n g u i s h i n g  

t i m e   is   5  s e c o n d s   or  l e s s ,   a  maximum  s e l f   - e x t i n g u i s h i n g   t i m e  

5  i s   10  s e c o n d s   or  l e s s ,   and  c o t t o n   d o e s   n o t   b u r n   up  by  a  

d r o p p e d   f i r e   c h i p .  

( i i )   V-1  S u c c e s s  

"V-1  s u c c e s s "   means   t h a t   an  a v e r a g e   s e l f   - e x t i n g u i s h i n g  

t i m e   is   25  s e c o n d s   or  l e s s ,   a  maximum  s e l f   - e x t i n g u i s h i n g   t i m e  

10  i s   30  s e c o n d s   or  l e s s ,   and  a  s p e c i m e n   c o t t o n   w h i c h   i s   p l a c e d  

12  cm  u n d e r   a  f l a m e   d o e s   n o t   b u r n   up  by  a  d r o p p e d   f i r e   c h i p .  

5.  L o w - t e m p e r a t u r e   B r i t l e n e s s  

A  t e s t   was  c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   J IS   K 6 7 6 0 .  

The  o c c u r r e n c e   of  a  f i n e   c r a c k   was  r e g a r d e d   as  t h e   b r e a k a g e  

15  of  a  s a m p l e .  
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As  be  d e f i n i t e   f rom  t h e   f o r e g o i n g ,   s i n c e   t h e   f l a m e -  

r e t a r d a n t   c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n   i s   c o m p o s e d  

p a r t i c u l a r l y   of  t h e   c o m b i n a t i o n   of  t h e   e t h y l e n e - a - o l e f   i n  

c o p o l y m e r   h a v i n g   a  d e n s i t y   of  0 . 86   to  0 .91  g / c m 3 ,   a  b o i l i n g  

5-  n - h e x a n e   i n s o l u b l e   m a t t e r   of  1  0%  by  w e i g h t   and  a  maximum  p e a k  

of  100°C  or  more  on  t h e   b a s i s   of  a  d i f f e r e n t i a l   s c a n n i n g  

c a l o r i e   m e a s u r e m e n t   and  t h e   i n o r g a n i c   f l a m e   r e t a r d e r ,   t h e  

r e c e i v a b l e   f i l l i n g   c o n t e n t   of  t h e   i n o r g a n i c   f l a m e   r e t a r d e r  

can  be  h e i g h t e n e d ,   w h e r e b y   t h e   f l a m e - r e t a r d a n t   e f f e c t   can   b e  

10  e n h a n c e d .   In  a d d i t i o n ,   s i n c e   t h e   o l e f i n   p o l y m e r   m o d i f i e d  

w i t h   t h e   u n s a t u r a t e d   c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e   i s  

s u i t a b l y   b l e n e d   t h e r e w i t h ,   m e c h a n i c a l   s t r e n g t h   and  h e a t  

r e s i s t a n c e   can  be  i m p r o v e d   r e m a r k a b l y .   F u r t h e r ,   by  t h e   u s e  

of  a  h y d r a t e   of  t h e   i n o r g a n i c   m e t a l l i c   c o m p o u n d   as  t h e   f l a m e  

15  r e t a r d e r ,   f o r   e x a m p l e ,   a l u m i n u m   h y d r o x i d e ,   m a g n e s i u m   h y d r o x -  

i d e   or  t h e   l i k e ,   t h e   g e n e r a t i o n   of  a  h a r m f u l   gas   can  b e  

i n h i b i t e d   in  t h e   t i m e   of  c o m b u s t i o n .   T h e r e f o r e ,   t h e   p r e s e n t  

i n v e n t i o n   can  p r o v i d e   a  l e s s   - f l a m e   and  n o n - e n v i r o n m e n t a l  

p o l l u t i o n   t y p e   f l a m e - r e t a r d a n t   c o m p o s i t i o n   w h i c h   can  m e e t   t h e  

20  r e c e n t   n e e d s   of  t h e   h i g h l y   f l a m e - r e t a r d a n t   m a t e r i a l s .  

M o r e o v e r ,   s i n c e   t h e   c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n  

i s   e x c e l l e n t   in   e l e c t r i c a l   p r o p e r t i e s ,   i t   can   be  u t i l i z e d   a s  

e l e c t r i c a l   m a t e r i a l s ,   f o r   e x a m p l e ,   e l e c t r i c a l   i n s u l a t o r s   a n d  

o u t e r   c o v e r i n g   m a t e r i a l s   f o r   e l e c t r i c   w i r e s ,   c a b l e s   and  t h e  

25  l i k e .   In  p a r t i c u l a r ,   t h e   c o m p o s i t i o n   of  t h e   p r e s e n t  
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i n v e n t i o n   can  be  u t i l i z e d   as  i n s u l a t o r s   f o r   c a b l e s   in  a  

v a r i e t y   of  e l e c t r i c   power   g e n e r a t i o n   p l a n t s   s u c h   as  a t o m i c  

e n e r g y   l a b o r a t o r i e s   in  w h i c h   an  a m o u n t   of  a  c o r r o s i v e   gas   i s  

l i m i t e d   and  o t h e r   power   s t a t i o n s ;   as  i n s u l a t o r s   f o r   c a b l e s  

5  and  f i r e   r e s i s t a n t   e l e c t r i c a l   w i r e s   in  p l a n t s   of  c h e m i c a l s ,  

s t e e l   m a n u f a c t u r e ,   p e t r o l e u m   and  t h e   l i k e ;   and  as  i n s u l a t o r s  

•for  e l e c t r i c   w i r e s   in  u s u a l   h o u s e s .   In  s h o r t ,   i t   i s   f a i r   t o  

say  t h a t   t h e   f  l a m e - r e t a r d a n t   c o m p o s i t i o n   of  t h e   p r e s e n t  

i n v e n t i o n   can  be  p r o p e r l y   e m p l o y e d   as  e l e c t r i c a l   i n s u l a t o r s  

10  in  p l a c e s   w h e r e   t h e   h i g h l y   f  l a m e - r e t a r d a n t   p r o p e r t i e s  

a r e   r e q u i r e d .  

In  a d d i t i o n   t h e r e t o ,   t h e   a p p l i c a t i o n   f i e l d   of  t h e  

c o m p o s i t i o n   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   can  c o v e r  

a r t i c l e s   s u c h   as  f i l m s ,   s h e e t s   and  p i p e s   m o l d e d   by  e x t r u s i o n  

15  and  i n j e c t i o n ,   and  m a s t e r   b a t c h e s ,   as  w e l l   as  p a n e l s ,   p a c k i n g  

m a t e r i a l s ,   f u r n i t u r e   and  h o u s e h o l d   a r t i c l e s   in   v a r i o u s   f i e l d s  

s u c h   as  f i b e r ,   e l e c t r i c i t y ,   e l e c t r o n i c s ,   a u t o m o b i l e s ,   s h i p b u i l d  

i n g ,   a i r c r a f t s ,   b u i l d i n g   and  c i v i l   e n g i n e e r i n g .  
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CLAIMS 

1  .  A  f  l a m e - r e t a r d a n t   o l e f   in  p o l y m e r   c o m p o s i t i o n  

h a v i n g   a t   l e a s t   c o m p o n e n t s   (a)  ,  (b)  and  (c)  w h i c h   c o m p r i s e s  

100  p a r t s   by  w e i g h t   of  a  r e s i n   c o m p o n e n t  

5  composed   o f  

(a)  99  to  60%  by  w e i g h t   of  an  e t h y l e n e ^ a - o l e f   i n  

c o p o l y m e r   h a v i n g   a  d e n s i t y   of  0 . 8 6   to   0 .91  g / c m 3 ,   a  b o i l i n g  

n - h e x a n e   i n s o l u b l e   m a t t e r   of  1  0%  by  w e i g h t   or  more  and  a  

maximum  peak   t e m p e r a t u r e   of  100°C  or  more  in   t e r m s   o f  

10  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   a n d  

(b)  1  to   40%  by  w e i g h t   of  .an  o l e f   in  p o l y m e r   m o d i f i e d  

w i t h   an  u n s a t u r a t e d   c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e ;  

and ,   i n c o r p o r a t e d   i n t o   t h e   r e s i n   c o m p o n e n t ,  

(c)  20  to  200  p a r t s   by  w e i g h t   of  an  i n o r g a n i c   f l a m e  

1  5  r e t a r d e r  

and  o p t i o n a l l y   o t h e r   a d d i t i v e s   in  u s u a l   a m o u n t s .  

2.  A  f l a m e   - r e   t a r d a n t   o l e f   in  p o l y m e r   c o m p o s i t i o n  

a c c o r d i n g   to   C la im   1  w h e r e i n   (d)  an  o r g a n i c   f l a m e   r e t a r d e r  

c o m p r i s i n g   a  h a l o g e n   s e r i e s   compound   and  a  f l a m e - r e t a r d a n t  

20  a u x i l i a r y   of  a n t i m o n y   t r i o x i d e   or  a n t i m o n y   p e n t o x i d e   a r e   u s e d  

t o g e t h e r   w i t h   s a i d   c o m p o s i t i o n ,   t h e   w e i g h t   r a t i o   of  s a i d  

o r g a n i c   f l a m e   r e t a r d e r   :  s a i d   f l a m e - r e t a r d a n t   a u x i l i a r y   b e i n g  

w i t h i n   t h e   r a n g e   of  5  :  1  to   1  :  3,  t h e   t o t a l   a m o u n t   of  b o t h  

b e i n g   100  p a r t s   by  w e i g h t   or  l e s s .  
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3  .  A  f l a m e - r e t a r d a n t   o l e f   in  p o l y m e r   c o m p o s i t i o n   a c c o r d i n g  

to  C la im   1  or  2,  w h e r e i n   s a i d   o l e f   in  p o l y m e r   w h i c h   i s  

c o m p o n e n t   (b)  i s   an  e t h y l e n e - a - o l e f   in  c o p o l y m e r   h a v i n g   a  

d e n s i t y   of  0.91  to   0 . 9 7   g / c m 3 .  

5  4.  A  f l a m e - r e t a r d a n t   o l e f   in  p o l y m e r   c o m p o s i t i o n   a c c o r d i n g   t o  

any  of  t h e   C l a i m s   1  to   3,  w h e r e i n   t he   a m o u n t   of  s a i d   u n s a t u r a t e d  

c a r b o x y l i c   a c i d   or  i t s   d e r i v a t i v e   i s   w i t h i n   t h e   r a n g e   of  0 . 0 5  

to  10%  by  w e i g h t   b a s e d   on  t h e   w e i g h t   of  s a i d   o l e f   in  p o l y m e r  

w h i c h   i s   c o m p o n e n t   ( b ) .  

10  5.  A  f l a m e - r e t a r d a n t   o l e f   in  p o l y m e r   c o m p o s i t i o n   a c c o r d i n g   t o  

any  of  t h e   C l a i m s   1  to   4,  w h e r e i n   s a i d   u n s a t u r a t e d   c a r b o x y l i c  

a c i d   or  i t s   d e r i v a t i v e   f o r   m o d i f y i n g   s a i d   o l e f i n   p o l y m e r   w h i c h  

is   c o m p o n e n t   (b)  i s   m a l e i c   a n h y d r i d e .  

6.  A  f l a m e - r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n   a c c o r d i n g  

15  to  any  of  t h e   C l a i m s   1  to  5  ,  w h e r e i n   s a i d   i n o r g a n i c   f l a m e  

r e t a r d e r   w h i c h   i s   c o m p o n e n t   (c)  i s   a  h y d r a t e   of  an  i n o r g a n i c  

m e t a l   c o m p o u n d .  

7-  A  f l a m e - r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n  

a c c o r d i n g   to   C l a i m   5  w h e r e i n   s a i d   h y d r a t e   of  t h e   i n o r g a n i c  

20  m e t a l   compound   i s   a l u m i n u m   h y d r o x i d e ,   m a g n e s i u m   h y d r o x i d e  

or  a  m i x t u r e   t h e r e o f .  
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8.  A  f l a m e - r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n   a c c o r d i n g  

to  any  of  t he   C l a i m s   1  to  7,  w h e r e i n   s a i d   e t h y l e n e - a - o l e f   i n  

w h i c h   is  the   c o m p o n e n t   (a)  has   a  m e l t   i n d e x   of  0 .3   to  5  g /  

10  m i n .  

5  9.  A  f l a m e - r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n   a c c o r d i n g  

to  any  of  t he   C l a i m s   1  to  7,  w h e r e i n   s a i d   o l e f i n   p o l y m e r  

w h i c h   is  t h e   c o m p o n e n t   (b)  i s   an  e t h y l e n e - a - o l e f i n   c o p o l y m e r  

h a v i n g   a  m e l t   i n d e x   of  0.1  to  5  g / 1 0   m i n .  

10.  M a t e r i a l   f o r   t h e   e l e c t r i c a l   and  e l e c t r o n i c a l   f i e l d s ,  

10  u s i n g   a  f l a m e - r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n   h a v i n g  

a t   l e a s t   100  p a r t s   by  w e i g h t   of  a  r e s i n   c o m p o n e n t   c o m p o s e d  

o f  

(a)  99  to  60%  by  w e i g h t   of  an  e t h y l e n e - a - o l e f i n  

c o p o l y m e r   h a v i n g   a  d e n s i t y   of  0 . 8 6   to   0 .91  g / c m 3 ,   a  b o i l i n g  

n - h e x a n e   i n s o l u b l e   m a t t e r   of  10%  by  w e i g h t   or  more  and  a  

15  maximum  peak   t e m p e r a t u r e   of  100cC  or  more   in   t e r m s   o f  

d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   a n d  

(b)  1  to  40%  by  w e i g h t   of  an  o l e f i n   p o l y m e r   m o d i f i e d  

w i t h   an  u n s a t u r a t e d   c a r b o x y l i c   a c i d   or   i t s   d e r i v a t i v e ;  

and ,   i n c o r p o r a t e d   i n t o   t h e   r e s i n   c o m p o n e n t ,  

(c)  20  to  200  p a r t s   by  w e i g h t   of  an  i n o r g a n i c   f l a m e  

r e t a r d e r  

and  o p t i o n a l l y   o t h e r   a d d i t i v e s   in   u s u a l   a m o u n t s .  

1  1  .  The  m a t e r i a l   a c c o r d i n g   to  C l a i m   1  0  ,  w h e r e i n   t h e   f l a m e -  

r e t a r d a n t   o l e f i n   p o l y m e r   c o m p o s i t i o n   of  any  of  t he   C l a i m s  

1  to  9  is   u s e d .  
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12.  A  m a t e r i a l   a c c o r d i n g   to  C l a i m   10  or  11,  w h i c h   i s   a n  

i n s u l a t o r   or  a  s h e a t h   f o r   e l e c t r i c   w i r e s   or  e l e c t r i c   c a b l e s .  

13.  A  m a t e r i a l   a c c o r d i n g   to  C l a i m   10  or   11,  w h i c h   i s   a n  

e l e c t r i c a l   i n s u l a t i n g   p r o t e c t i v e   or  g u a r d i n g   a r t i c l e   f o r  

5  an  i n s u l a t i n g   p l a s t i c   s h e e t ,   an  i n s u l a t i n g   g a r m e n t ,   a  c a b l e  

p r o t e c t i n g   c o v e r ,   a  p a c k i n g   m a t e r i a l   or  a  p r o t e c t i v e   p i p e .  
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